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ABSTRACT

As the healthiness of chemical sweeteners is aftestioned, there is an anticipated
increased demand for natural sweeteners like thtwmehich is obtained from
Thaumatococcus daniellii. Studies were therefore conducted on the consernvasite
conditions, provenances, growth performance, yelténtial of leaves and fruits as well
as integration of. daniellii into Agroforestry systems. The first study wasdwted in
the Western Region of Ghana on soil characteridfiog sources and conservationof
daniellii in off reserves. Soil pH, N, P, K, Ca, Mg, Totalske saturation and Effective
cation exchange capacity and organic matter diffesgnificantly among sites. Soll
texture significantly differed among sites and rahdrom silt loam to sandy loam. Major
sources of fruits were predominantly from seven mamities within Aowin-Suaman and
Wassa Amenfi West districts. Also, no records afsgrvation, cultivation or integration
of T. dani€dllii into farming systems were obtained for previouswrent fruit supplying
communities but for Samartex plantations.

The second study determined foliage harvestingtsffenT. daniellii fruit yield (number
and weight), flower production and specific leadarThe study also estimated potential
incomes that could be obtained from leaf and fecoilection. A randomized complete
block design was used. Treatments involved hamgsénd maintaining a specified
petiole population per plot. The percentages oiaf@ harvest were: No harvesting
(Control), 25%, 50% and 75%. Foliage harvest sigaiftly influenced flowering. Mean
number of flowers ranked as: Control - 18 > 258> 50% - 1= 75% - 0. No harvest
stands produced significantly high number of fr{it4458/ha) compared to 8958/ha for

25%, 4792/ha for 50% and 4583/ha for 75% harvestaalds. Total fruit weight ranged



between 59.7 - 127.9 kg/ha. No significant diffeesin specific leaf area were obtained
for all treatments. For both fruit and leaf colleat the highest total income was GH ¢
24411.36 for 50% followed by GH ¢ 17480.40 for 7834 ¢ 15640.33 for 25% harvest
stands and GH ¢ 153.48 for the no harvest stand.

The third study determined spacing and shade sffent survival, lamina length and
width, petiole length and number of tillers. Thevere three shade levels provided by
tree standsteucaena (73%), Senna (86%), Carapa (98%) and four spacing treatments:
0.75mx0.75m,1.0m x 0.75m, 1.0 m x 1.0 m52x 1.25 m. Shade significantly (P
< 0.001) influenced survival, leaf sizes (laminalths and lengths), petiole length and
number of tillers. Survival were 71% fbeucaena > 60% forSenna > 20% forCarapa.
Leaf sizes were also larger for 73% (width-17.6 émemgth-27.1 cm) than 86% shade
(width-15.9 cm, length-25.2 cm) and 98% shade (widt.4 cm, length-18.0 cm) levels.
Similarly, significantly longer petioles, 43.6 cmgere obtained for 73% shade compared
to 38.8 cm for 86% and 20.4 cm for 98% shade levielering decreased with increased
shade. Similarly, spacing significantly influendedf sizes and petiole lengths.

The fourth study was on provenances and NPK fzatilbn on survival, lamina width and
length, petiole length and diameter, and tiller quation. Provenances differed
significantly in lamina length, lamina width, pdedength and petiole diameter. Lamina
lengths of provenances were Western-23.7 =riWolta-21.1 cm > Ashanti-17.2 cm.
Lamina widths were Western-14.3 enVolta-12.9 cm > Ashanti-9.0 cm. Petiole lengths
were Western-37.7 cre Volta-36.1 cm > Ashanti-24.8 cm. Petiole diametessre
Western-5.6 mne Volta-5.4 mm > Ashanti-3.8 mm. Fertilization alsgnificantly

enhanced the growth of lamina width, petiole disnand tiller production.
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Chapter 1

1.0 GENERAL INTRODUCTION

1.1 Background of study

Ghana’s forests form an integral part of the r@@nomy, providing subsistence goods
and services as well as items of trade. Collegtjvirest goods other than extracted
timber are referred to as non-timber forest prasl{btTFPs). Since the 1970s NTFPs
have emerged to take their place among the marectspf forest use that guide natural
resource decision makers. In the early 1990s, NW#e mooted as potential alternative
to deforestation and land conservation activitiesis is because some NTFPs have
strong market value. As such, it has been postllttat the long term value accruing
from the harvest of these products could override short—term gain of converting
forests or individual trees to other uses such ieber, agriculture or plantations.
Furthermore, the gathering, processing and tradindorest NTFPs provide a good
source of supplementary income for many househ@dioner 1990; Falconer, 1992;

Plotkin and Famolare, 1992 cited by Sunderlandl, 2004; Sunderlanet al, 2004).

Thaumatococcus daniell{fMiraculous berry), a perennial herby plant whadturs in the

wild, is one of the promising NTFPs whose econopitentials have not been fully
exploited in Ghana. It is a forest understorey hard belongs to the family
Maranthaceae in the Zingiberales order of monoedtyh plants. The plant is native to
Tropical West Africa. In Ghana it is widely distuted in secondary forests with humid

conditions in the Volta, Eastern, Ashanti, and N&estern Regions (Adansi and



Holloway, 1977).Thaumatococcus daniellis popular in Ghana for its leaves which are
collected and gathered and are widely used by tsaded food sellers as packaging
material to wrap vegetables, fish, cola nuts, smagh salt. They were also used to wrap

cooked foods (notably rice, yams, beans, kenkeg)iaed plantain (Falconer, 1992).

The fruits ofT. danielliicontain creamy-white arils located at the apethefseeds which
contains a proteinous sweetener called thaumabiis [dw-calorie extract, thaumatin, is
reported to be the sweetest natural substancertm aad is about 2,500 — 3,500 times
sweeter than sucrose or sugar. Thaumatin is acegnplex and intensely sweet protein,
natural and safe in use, with excellent characdtesigor use in flavours (Abbiw, 1990;
Swift et al, 2002; afrol News, 2003). Currently, the mostdolw-calorie alternative to
sugar is Nutra Sweet; a chemical based compounthedsealthiness of purely chemical
products is often questioned, a purely natural pcoduch as thaumatin is seen as a clear
market winner. Alone the US market for low-calosigeeeteners is set at US$ 900 million

annually (afrol News, 2003).

Samartex Timber and Plywood Company, is pioneetireg commercial extraction of
thaumatin for export in Ghana. The Company hasbbésked a thaumatin processing
plant at Samreboi in the Western region. The maurce of raw material for thaumatin
production is the arils contained in the fruitsTofdaniellii normally collected from the
wild. Currently, the company buys fruits from gathereosf Volta and Western Regions

of Ghana, and is actively integratifig daniellii cultivation in its agroforestry projects.



There is also evidence that new marketing and gedcg companies are emerging in

areas within the Western Region.

Despite several benefits obtained from the compopeants of the plant, there are a
number of problems regarding its exploitation. Witire advent of plastic packaging
materials, trading activities involving the gatimgyi collection and sale df. daniellii
leaves have declined thereby depriving some ruealple of their source of income.
Therefore, more attention will be directed towagdshering, collection and sale of fruits
as alternative source of income. Collectiong oflaniellii products are currently done in
the wild which is time consuming and tedious. Thertherefore the need to find ways of
domesticatingl. daniellii either as a sole crop or through its integratiomgroforestry
systems. In addition, seeds ©f daniellii have a very hard testa that makes water
imbibitions difficult hence resulting in poor gemmition of seeds when used for

propagation. This may also call for the use of vamee propagating materials.

Notwithstanding these problems, the exploitationmdfi sources ofT. daniellii can be
sustainable but would require
(1) Knowledge of the plants’ growth and reproductivareltteristics
(i) The application of harvesting practices that peraiéquate reproduction or
regeneration of individual plants (Cunningham, 2@i®@d by Sunderlandt
al., 2004) and

(i) A shift from harvesting leaves to seed productind extraction of thaumatin.



Unfortunately, not much research has been carngdoT. daniellii with regard to its
provenances, growth performance, yield potentialledves or fruits, methods of
propagation, as well as its integration into agredtry systems. Therefore, the goal of
this study is to conduct research on the aboverderoto facilitate the integration and

management of. danielliiin agroforestry systems as well as its commeantitivation.

Tropical deforestation is attributed to rural pdyeparticularly in forest fringe
communities. Therefore cultivation as well as aglten of T. daniellii leaves and fruits
must be seen as an alternative source of incomreréd communities. By cultivating
Thaumatococcus daniellirural farmers in Ghana can gain income and sd@akfits,
whilst at the same time the aim of conserving ratuprests is also achieved.
Furthermore, the domestication and subsequentvatiin can also help achieve
diversification of farm products as a strategy taimize risks associated with traditional
farming systems, which is a major objective of &grestry systemsr. daniellii can be
incorporated into some agroforestry systems sincegrows in partially shady
environment. Agroforestry land use system perrhigsintegration of trees with crops and
or animals such that the components interact vatthether to enhance the productivity
of the system. It is often seen as a possible ganticland use problems encountered by
most farmers in Ghana and must be encouraged taneahtheir socio-economic well-

being through the numerous benefits that can baredad by practicing agroforestry.



1.1.1 General research questions

Generally, this study seeks to find answers to fullewing questions regarding the

integration ofT. danielliiin agroforestry systems as well as its commercitiiv@ation.

()

(ii)

(iii)
(iv)

(v)

What are the major sources of fruit supply to thautnatin extraction plant at
Samreboi?

What are the site/soil conditions and conservasitatus/strategies of. daniellii
outside forest reserves in the Western region?

What is the effect of foliage harvesting on thevgitoand seed yield af. daniellii?
How would shade and spacing affect the growth tdrplantedT. daniellii in tree
stands?

What is the early growth response of three proveeswrof T. daniellii to NPK

fertilization underSenna siamesatand?

1.1.2 General objectives

These research questions lead to the followingareke objectives which were to

determine:

()
(ii)

(iii)
(iv)

The major sources of fruit supply to the thaumatitraction plant at Samreboi.
Soil/site conditions and conservation status/sgiageof T. daniellii in off reserves
in Western region

The effect of foliage harvesting on the growth giedd of T. daniellii

Effect of shade and spacing on growth performaric€. aaniellii interplanted in

tree stands



(v) Early growth response of three provenancesrl ofdaniellii to NPK fertilization

underSenna siamestands

1.1.3 General hypotheses

These research questions lead to the following rgéhgpotheses
(i) The sources of fruit supply do not have influenndle conservation af. daniellii
(i) Natural stands of. danielliiare found on similar soil/site conditions.
(i) Foliage harvesting does not affect the growth aaltlyf T. daniellii.
(iv) Shade and spacing do not affect the growthrl ofdaniellii interplanted in tree
stands.
(v) Source of planting material and NPK fertilization wot influence the growth af.

daniellii.

1.1.4 Study protocol and outline

The study protocol gives the background of eactystur experiment as well as details of
all experimental procedure and other activitieg there carried out in order to achieve
set objectives. The study protocol involves a nevee literature, a survey and series of
experiments as well as major conclusions organiz@dchapters 2 - 7 as outlined below:

(1) Chapter 2: - Literature review

(2) Chapter 3: - Soil characteristics, fruit sourced annservation status/strategies of

T. danielliiin off reserves of the Western Region of Ghana
(3) Chapter 4: - Effect of foliage harvesting on thevgth and yield off. daniellii
(4) Chapter 5: - Effect of shade and spacing on thevirperformance of. daniellii

interplanted in tree stands



(5) Chapter 6: - Early growth response of three pronees of T. danielliito NPK
fertilization underSenna siamestand
(6) Chapter 7: - General conclusions
The experimental chapters (3 — 6) provide, a summirief introduction, specific
objectives, detailed methodologies, results, dsiomsand conclusions of each specific

study or experiment.



Chapter 2

2.0 LITERATURE REVIEW

2.1 Description of Thaumatoccoccus danidlii

Thaumatoccoccus daniellis a rhizomatous, perennial and monocotyledonoarp h
propagating itself by rhizomes. It is a large pléygically 1 - 2.5 m tall at maturity.
Thaumatoccoccus danielliis unbranched with all axes (petioles) straightemft
overlapping from base. The petioles which are alibwtr 2.5 m long arise from the
rhizomes depending on the age and environmenteopléint. At the end of these long
petioles are large broad and oval papery, tougisatiée leaves that are about 45 cm long
and 30 cm broad. The leaves are ovate-elliptic dedntruncate at the base, and shortly
acuminate at the apex. The stems and leaves hattersd or short hairs (Yeboahal,

2003; Hawthorne and Jongkind, 2006).

T. daniellii have lateral roots with short regular blunt pegpout 1mm long. The
inflorescence (flowers) is close to the ground amd purplish often forming large
clumps. They usually arise from the lowest nodemag be simple or forked with spikes
about 8 — 10 cm in length. The bracts are usuallyicate and about 3 — 4 cm in length.
The sepals are broadly linear and about 2.5 cm. ldBagmany as 10 — 12 purplish-pink
flowers may form from each inflorescence but usuabiout 2 to 4 of these form matured

fruits (Ekpe and Ottou, 2006; Hawthorne and Jongk2®06).

The fruits, usually greater than 1 cm, grow on shsbalks close to the ground. It is
trigonal or pyramidal in shape, maturing from dgrkeen through brown to crimson or

bright red colour when fully ripe. Fruit weighs tveien 6 and 30 g depending on the



number of seeds within it. The seeds are blackiour with hard seed coat covered by a
thin layer of sticky, transparent gel. Attachedhe seed is a soft, fleshy juicy cap called
an aril which contains the sweet substance calladratin.Thaumatoccoccus daniellii
flowers most of the year but is most prolific frally until late October. Fruit formation,

maturing and ripening occur from January until imtil (Ekpe and Ottou, 2006).

2.1.1 Ecology and Natural Distribution

Thaumatococcus danielligrows throughout the hot, humid tropical rain &treand
coastal zone of West Africa. Its natural habitatthe undergrowth of forest trees.
Thaumatoccoccus daniells particularly found in southern parts of Ghanated’lvoire
and Nigeria. It is also known to exist in the Péss Islands, Angola, the Central African
Republic, Uganda, Indonesia, Gabon, Congo, CabiRtmcipe and Sao Tome. In
Ghana, it is distributed in secondary forests \kitimid conditions in the Volta, Eastern,

Ashanti, Central and Western Regions (Yebethl, 2003).

Open forest canopy is reported to allow the develmut of a profuse growth of
marantaceous forbd.. daniellii stands are found in large clumps alongside roadkea
forest or old gaps. Hence, there have been suggeghatT. danielliimay be a pioneer
species. It occurs in areas with mean annual faigfaater than 1500 mm and annual
temperature ranging between 23°C - 26°C. Most gasmn of sites withT. daniellii
indicate shaded conditions of secondary forestnoo\eer storey of cocoa or cola nut, or
other perennial plantation cropfhaumatoccoccus daniellis also found in swampy

areas or very wet soils, near water bodies, sandy and abandoned cocoa farms. The



distribution as a whole suggests that daniellii is associated with ferrasols (FAO-
UNESCO) corresponding to oxisols (USDA) (Hall andaBe, 1976; Wojcieclet al.,

2005; Hawthorne and Jongkind, 2006).

2.1.2 Uses oT haumatoccoccus danidlii

Thaumatoccoccus danielliiuit berry contains a mealy pulp (thaumatin) e imesocarp
which is mostly used as a replacement for synthgieeteners in some countries.
Industrially, thaumatin is an internationally reocoged food additive and has high
pharmaceutical potential in drugs, confectionaaied mineral drinks manufacturing as a
sweetener or taste modifier in beverages, pet fa@bs chewing gums. The proteins
thaumatin and monelin which are constituents of @hé belong to the most potent
sweeteners known on molar basis. Some people alsahe seeds as sweeteners by
licking them to sweeten porridge or fermented palime (Yeboahet al, 2003; Swiftet

al., 2002; Arowosoge and Popoola, 2006; Ekpe and OR006).

Thaumatoccoccus daniellleaves are collected and gathered and are widsdyg ly
traders and food sellers as packaging material. |&aees are regularly used to wrap
vegetables, fish, cola nuts, soap and salt. Theg aso used to wrap cooked foods,
notably rice, yams, beans, kenkey (fermented nmadazmgh) and fried plantain (Falconer,
1992). In Nigeria, the leaves are used for presgribla nuts and as feed supplement to
some ruminants including goats. The fibrous natfré¢he leaves enhances its use in

combination with some other materials as roof thatgin hamlets and resorts. The stalk
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is used for weaving baskets, mat, fish traps, oerdal bags and also as sponge (Yeboah

et al, 2003; Arowosoge and Popoola, 2006).

2.2. Non-Timber Forest Products (NTFPs)

2.2.1 Importance and Economic Potential

Non-timber forest products (NTFPs) are definedllathe biological materials (other than
industrial round wood and derived sawn timber, wabips, wood-based panels and
pulp) that may be extracted from natural ecosystemanaged plantations, and be
utilized within the household, be marketed, or hasaxial, cultural or religious

significance. Thus, non-timber forest productsudel plants used for food, forage, fuel,
medicine, fibres, biochemicals as well as animhigjs, reptiles, fish and insects. for
food, fur and feathers (Wickens, 1991; Chandrasekhal995). The Non-timber forest
products sector harbours a number of stakeholdeupgr with different interests,

including collectors, local middlemen, urban tragemanufacturers, exporters and
government agencies (Ojha, 2000). Non-timber fopestiuct usage is less ecologically
destructive than timber harvesting and the contigiog made to rural livelihoods have
increased awareness such that more intensive nraeagef forests for such products
could contribute to both development and bioditgrsonservation objectives (Warner,

2008).

About US $ 90 billion worth of NTFPs are extractedrldwide every year. More than
300 million people, especially tribal and underpeiged are dependent primarily upon

NTFPs for earning their livelihoods. Additionallghout US $ 11 billion worth of non-
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wood forest products (NWFPs) are internationaladéd, and US $ 55 billion worth is
traded within the national economies of the woiltle rest is consumed in the local
village economies. World Health Organization (WH€3Jimate suggests that some 80%
of the population of the developing world use NTE&shealth and nutritional needs

(Tewari, 2000).

In areas distanced 10 km or less from forest resenv the forest zone of Ghana, one or
more members of approximately 202,000 or 38% ofskbhalds obtain income from
NTFP-based activities (Townson, 1995). In the Ad&mjAgumatsa area of the Volta
Region of Ghana]. danielliiis an important NTFP and the collection of its fsuhas
provided employment for several people with indizats collecting on the average 10 -
20 kg of fruit per day which were then sold at 8Q0per kilogram (Ekpe and Ottou,
2006). It has also been reported that from 198K0&il, the total production of arils from
T. daniellii in Cote d’ Iviore increased from 10,250 kg to BBO kg. At an estimated
average price for frozen arils of CFA Francs 40Q0tkis production earns between CFA
Francs 40 and 100 million annually (US $ 160,00Q180, 000) in exports to the UK

(Bonnéhin, 1997).

With new emphasis on poverty alleviation and likebd improvement in the national
development agenda, NTFPs offer means to increaseifare in an environmentally
friendly way (Falconer, 1990). This could be ackwhrough agroforestry land use
practices. Agroforestry places a strong emphasissroallholder, low-input, multiple

output systems and species that produce NTFP poddnich are amenable to integrated
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management. Thus systematic and scientific effetsl to be undertaken in a number of
critical areas of NTFP development. These inclutleniification of promising NTFP
species and domestication of their wild forms, vdtle consideration of the cultural and

social context of the species and their productsr(Ahd Merry, 1995).

2.2.2 Constraints to Management and Conservation

To date most research point to the fact that thetribmtions of forest products,
particularly of products other than wood, are ndequately valued to reflect their
importance (Falconer, 1990; Panayotou and Asht®82;1Chandrasekharan, 1995; van
Andel and de Zylva, 2006). Although NTFPs are z&dl locally, nationally and
internationally through provision of significanty, subsistence income and materials for
rural populations, their value is rarely reportednational and international statistics
(Panayotou and Ashton, 1992; Ayek al, 1999). Consequently, information on the
quality and value of NTFPs are either non-existgninreliable and are mostly estimates

(Nair and Merry, 1995).

Reasons contributing to the neglect of NTFPs ireluthdequate information on their
economy and biology, insufficient established mtglead irregular supply. Other factors
include the difficulty to maintain standards, re@ment by artificial substitutes, and
inadequate technology to process and store thettugts and low net return to major

trading interests (Panayotou and Ashton, 1992).
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Additionally, inadequate information on the ecotmdiproductivity, growth forms, life
history and conservation of the various specieslired complicates management
scenarios, the setting of conservation prioritiad defining sustainable harvest levels
(Ndangalasiet al., 2007). This can lead to excessive extraction oédbproducts and
impact negatively on the population dynamics ofleitgd plants, leading to changes in
community structure and organization (Moegenburg bevey, 2002). Such a situation
could affect ecological processes from individuald gpopulation to community and

ecosystem levels (Ticktin, 2004).

2.2.3 Conservation and Management Strategies

Resource management is the process, by which resources are allocated, regenerated,
managed and conserved over time and space to meet the needs and aspirations of
humankind. Management of NTFPs involves the collection, gathering, harvesting,
utilization and management of resources within a given ecological, economic, social,
political, institutional and legal framework. Conservation involves thereservation,
regeneration, maintenance (Karki, 2001) and the wise exploitation of NTFPs in such a

manner that their productive capacities are maisthito serve the needs of present and

future generations.

Conservation and improved management of NTFPs earadhieved through policy
reorientation. The impact of non-timber forest rgses and their potential role in the
rural and wider economy should be considered relytiand without exception during

evaluation of development projects and land-usegtopolicies formulation. Increased
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research on non-timber forest products with regardheir abundance, distribution,
variation, ecology, reproductive biology, tradittdrand new methods of propagation,
cultivation and use, identification of market armhrmarket value is also vital. Since the
nature, use and importance of non-timber forestiyects are so closely related to local
ecological, economic and socio-cultural conditiomsyst research should be location-

specific (Wickens, 1991).

The higher the intensity of extraction of NTFPg tbss likely it is that they are extracted
in a sustainable way. Also, the extraction of vatie¢ structures resulting in the death of
individual plants providing the resource are les®ly to be sustainable than the
extraction of reproductive structures or plant eated (Boot, 1997). Thus, where
overexploitation is a current or potential problemmproved management of NTFP
resources in their natural habitat is essentials Tdould be achieved by integrating
NTFPs management with other forest uses. This canide local benefits and make
economically feasible a slower and more environalgntsustainable rate of timber
extraction (Wickens, 1991; Ndangalasial, 2007). Additionally, resource management,
through enrichment planting, cultivation and/or dstication can help overcome some
challenges relating to supply, and result in theuawlation of larger quantities of a
product (Stewart, 2003; Trauernicht and TicktinD20Marshall and Chandrasekharan,
2009). The availability of NTFPs per unit area banenhanced by increasing populations
and improving the yield of desirable species (Bd&97). Within the natural forest,
increased populations is obtained by ensuring fealda micro-environmental

requirements of the desired species, perhaps byetheval of competing species in a
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given area and/or by provision of extra light oadé (O'Connelkt al., 1983 cited by

Wickens, 1991).

Furthermore, less wastage in the process of eidraeind better regeneration of many
non-timber forest products can be achieved by teeeldpment and application of
improved harvesting techniques, appropriate equipnteaining and skills development.

Improved storage and transport methods for instavaéld reduce spoilage of raw and
finished products. Producers of non-timber foresidpcts, in particular small-scale
operators, would receive greater returns from ntargetheir products if they were

assisted in achieving consistent quality and pteterom exploitation by intermediaries

(Wickens, 1991).

These strategies and approaches to managing ahdgtid TFPs may help increase the
level of success and degree of sustainability oFRS exploitation making it a more
secured livelihood option for poor producers, pssoes and traders (Marshall and
Chandrasekharan, 2009). However, owing to the dafaetors involved, there is no
single solution to the management requirements NdiFPs. It is therefore the
responsibility of each nation to look at NTFPs e ttotal context of its economic and
social development. Each nation therefore needswéok out a balance for the
conservation and use of its tropical forest laridg ts acceptable in this context (Poore,

1989 cited by Wickens, 1991).
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2.3. Tree-Crop Interactions in Agroforestry Systems

2.3.1 Definition and Forms

Agroforestry refers to land-use systems in whieesror shrubs are grown in association
with agricultural crops, pastures or livestock, amavhich there are both ecological and
economic interactions between the trees and otlmmponents (Young, 1997).
Interaction is the effect of one component of ateyson the performance of another
component and/or the overall system. A major ppilecin agroforestry systems is to
exploit the beneficial effects of the interactiobpstween tree/crop components (Nair,
1993). In a given combination of trees with herloarse plants, interactions can be
complementary (the presence of one increases ofitputthe other), supplementary (no
mutual interactions), or competitive (the preseatene reduces output from the other)

(Young, 1989).

2.3.2 Types and Factors Influencing Interactions

Ecological interactions between trees and cropseasmined in terms of above and
below ground utilizations of physical resources.od ground interactions include
changes in the microclimate, such as shading, teahpe, wind speed and humidity.
Possible below ground interactions include greex@ioration for water and nutrients as
well as competition for water and nutrients. Theerand extent to which biophysical
resources are captured and utilized by agroforegstem components are determined by
the nature and intensity of interactions betweesn ¢bmponents, the number, surface
area, distribution and effectiveness of the indraidelements within the canopy or root

system of the species involved. The net effeche$é interactions is often determined in
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terms of quantifiable responses as soil fertilityamges, microclimate modification,
water, nutrients, and light/shade availability artdization, pest and disease incidence,

and allelopathy (Ongt al, 1991, Onget al, 1996, Raetal., 1998).

2.3.3 Complementary Interactions

The major tree—soil-crop interactions that affecipcyields in agroforestry systems are
related mostly to chemical aspects of soil fewtjlisoil physical properties and water
relations, and microclimate, especially shadingweler, in many tropical systems,
water or nutrient availability (e.g. acidic, leadher degraded soils) rather than light is
the major limiting factor. In spatially mixed syste such as coffee and cacao plantations,
upper storey trees provide nutrients, from litedl &nd periodic prunings as well as shade
to the lower storey tree crops. Shading modifies mhicroclimate through lowering
surface soil and air temperature. This reduces eadporation and increases water
available in the soil for transpiration by the goonsequently, the overall water use
efficiency of the understorey crop increases (@h@l, 1991; Onget al, 1996; Palm,

1995; Wallace, 1996; Razial., 1998).

2.3.4 Competitive interactions

With regard to nutrient use, there is no certaetbput the amount of nitrogen fixed by
trees and shrubs and to what extent it is actusdld or potentially available to the
associated crop during various growth periods. dfoee, competition between the
components may reduce or possibly override therwibe positive aspects of such

mixed plantations. Furthermore, little is known abthe amount of nutrients released
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from added plant material that is taken up by titercropped trees, rather than the crop

(Palm, 1995; Ranganathan and de Wit, 1996).

Studies have reported 24 — 28% yield reductionsnwbeps are associated with
Leucaena For example at Machakos, Kenya, rootsLeficaenaand maize exploited
water from the same horizons during the rainy seasath the result that intercropped
maize capture less water than sole maize. Qibecaenaased systems indicated that its
competitive nature and vigorous growth usually psdthe yield of associated crops.
Yield reduction may be due to shading, competition nutrients or water, or a
combination of these factors. Similarly, tree cofita within an alley cropping system
significantly reduced photosynthetic radiation,wtio and yield of individual soybean or
corn plants growing nearer to tree rows (Chieval, 1994; Jamat al, 1995; Howard
et al, 1995 cited by Ongt al, 1996; Onget al, 1996; Kho, 2000; Reynoldst al,

2007).

In alley cropping where tree density is high, bemaelf effects of the trees on
microclimate are negated by reductions in soil muoés due to increasing interception
losses and tree transpiration. While investmentaondy structure can improve the water
economy beneath trees, it inevitably reduces tlmvily rate of the trees and thus
increases the time required for improved undergtgneductivity (Ong and Leakey,

1999; Kho, 2000)

19



The challenge then is to develop systems and peacthat ensure successful integration
of multipurpose trees and crops/non-woody specitgs land use systems by enhancing
complementary and supplementary interactions whel@ducing negative competition
among the components (Huxley, 1996). The greategortunity for simultaneous
agroforestry practices is therefore to fill niclveishin the landscape where resources are

currently under-utilized by crops (Ong and LeakE399).

2.4. Plant Responses to Ecological Factors and Magement Practices

2.4.1 Plant Ecology

Plant growth, morphology and resource allocatiomikienced by a number of factors
including soil, water, sunlight, nutrient supplydaatilization, plant spacing or density
and its biomass removal in managed land use sygtenget al, 1996). The sum total of
all factors and components that make up the nasystem in a region is called an
ecosystem. These include physical factors sucho#svgater, sunlight, nutrients and
energy that enable the system to function. It astudes plants that grow in an area to
form a community (Hilts and Mitchell, 1999). Highagaoluctivity or maximum attainable
biomass for plant species depends primarily ontliglater and nutrient availability as

well as its ability to either capture or utilizeele resources efficiently (Oegjal, 1996).

2.4.2 Light

Growth and development
Light is a morphogenic modifier that affects plaestablishment, growth and

development that should not be neglected for cegpanses at the tree-crop interfaces
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(Huxley, 1996; Poorter, 2001). Higher light availay results in larger plants and
tropical forest species are differentiated in tlggowth responses to shaded understorey
and gap conditions (Popma and Bongers, 1988). Nmumsestudies of annual crops and
perennial species have demonstrated the existehctose correlations between dry
matter production and cumulative intercepted raaha{Black and Ong, 20005 pecies
responses to light/shade conditions vary. For negal haumatoccocus daniellhas a
wide margin of light tolerance but it favoured cpgogaps in closed intact forests.
However, extremes of light and shade are detrinhémtiégs growth. Conversely, constant
direct light has negative effects dndaniellii growth through drying of the soil and thus

reducing soil water content (Wojcieehal, 2005).

Productivity

Light influences growth responses in terms of silsaf dynamics, morphology,
architecture, carbon gain and allocation (Lopezdolkt al, 2008). In a study of solar
radiation effects (20%, 50% or 80% of maximum sotadiation-MSR) on the
productivity and nutritive value of a mixture ofagses and legumes established under a
matured conifer, dry matter yields were greatertiier 0.80-MSR treatment (Neef al,
2008) Similarly, ten tropical plants under 0.9 - 2.3%l 2 6.1% and 38.6 - 53.4% light
conditions revealed that plants with highest lighilability had the highest dry weight

and stem diameter than those that received ldsis(Rppma and Bongers, 1988).

Tillering
Light can modify leaf growth and tiller appearaméecertain plant specieBor example,

self-shading within a dense canopy at the tillexebeorresponded with an increase of leaf
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length and decreased tillering (Bahmaatial, 2000). The duration, intensity and spectral
composition of light affect tillering of grass spex such that reduced light intensity on
sugarcane prevented secondary shoot developmennéBet al, 2005). Also, shade
reduced tiller appearance rate of ryegrass. Comeselyy the formation of primarllers

on the main shoot were indicated to be much lessegtible to shadirtpan formation of
higher order secondary and tertiary tillers (Bahmanal, 2000). Furthermore, herbage
plants grown under lower light levels were smallead fewer numbers of tillers and
produced less dry matter compared with plants higher levels of radiation (Neet al,
2008). At low irradiance, shoots (leaves) retainrenof the limiting amount of
photosynthate, leaving less carbon for root growénce, allocation of photosynthate to
above-ground parts increases with decreasing anadi and vice versa with increased
irradiance (Duriyaprapan and Britten, 1982; Greblal, 1996; Poorter and Nagel, 2000;
Poorter, 2001). It can be said that the allocatbmore photosynthate to above-ground

parts increases with decreasing irradiance coddaetiller production.

Leaf characteristics

Studies have shown that the features of a leafirdigenced by light. Bougainvillea
plants exposed to 0% (direct sunlight), 30%, 50% &b shading, attained the greatest
leaf size under 30% and 50% shading, whereas 0%irghahowed the lowest value
(Saifuddin et al, 2010). Among two garlic cultivars subjected tiffedent shading
treatments, an increase in light intensity redueed lengthand size of epidermal cells.
The thickness of leaficreased with light intensity and resulted in esponding gainis

leaf dry weight per unit area. The effectsbéding on final leaf size were related to cell
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numbers andliimensions(Rahim and Fordhan1991). Also, shade increased final leaf
length of ryegrass through increased leaf elongatade and duration (Bahmarit al.,
2000). With respect to leaf structure, variatiomdeiaf morphological traits governed by
patterns in light availability have functional sifyrance. However, ecosystem properties
such as nutrient availability might also impact hiiglriven structure-function

relationships (Stephers al, 2009).

Leaf inclination angles generally decrease withraasing leaf age. This, generally
attributed to increases in both lamina weight arehacan alter the bending momentum
exerted on the petiole and change lamina and/dolpenclination angles. Therefore, in
order to optimize the interception of photosyntheittive radiation, sunflower plants for
instance invests part of the captured energy inthegizing petiole structural supporting

material (Hernandez, 2009).

A study of light regimes (24, 43, 58 and 100% traission) on CocksfootDactylis
glomeratal.) revealed that fully expanded leaf and pseudmdeight increased by 30%
and the leaf width declined by 22% with decreadigbt intensity (Periet al, 2004).
Also, the morphological responses four of stolawifs herbsHydrocotyle vulgarisand
Lamiastrum galeobdolgrto levels of light in indicated that petiole ex¢gon was more
responsive to light conditions iHydrocotylethan in Lamiastrum(Peri et al, 2004).
Plastic responses in the lengths of stolon intezsaghd petioles are therefore important
for the capture of light in a patchy environmentpagiole elongation may lift shaded

blades into higher light zones (Dong, 1995).
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The effect of different levels of shading of swpepper under high solar radiation (> 600
cal cm?day™) at 2 different spacing revealed that reduced ligtensity increased plant
height and leaf size. However, shading inhibitadri shoots development on the main
stem below the first terminal flower. The changeglant development due to shading
affected fruit set, number of fruits per plant dndit location on the plant (Rylski and

Spigelman, 1986).

Plant establishment

Low light availability within stands resulting froalense canopies leads to litter build up
which may affect seedling survival and growth. Segerminating under dense litter mats
often have high mortality rates due to expendingeakergy reserves in attempts to
penetrate the litter. Surviving seedlings are haveften severely etiolated or elongated,
which can increase susceptibility to physical dagadgtter also may affect seedling

growth through the release of chemicals and nusiewith increasing litter depth, a

larger concentration of nutrients or toxins mayldsched from litter. Thus, soils covered
with deep litter may have a different chemical emwment than soils under shallower
depths. Plants, susceptible to these toxins, duesmdy seedling growth often record

initial slow growth rates and reduced final totedrbass (Jeffery, 1997).

2.4.3 Nutrition and fertilization

Plant nutrition encompasses ability of soils tovyme plants with required nutrients as
well as plant responses to nutrients supplied eittten the soil or externally applied

fertilizers. Soil fertility maintenance is essehiim achieving and maintaining high crop
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yields over a period of time (Makinde and Ayool@1Q). There is therefore the need to
ensure sufficient supply and utilization of nuttenin agro-ecosystems. In some
agroforestry systems, it has been proposed thagxample, hedgerows alone may be
able to sustain yields for at least five years ahifertility soils. However, hedgerow

systems without fertilizers invariably show a rapid progressive decline in yields and

eventually reach low-level equilibrium on low-féity soils (Young, 1997).

Significant positive interactions exist between dwdws and fertilizers, the former
maintaining soil physical properties and providbajanced nutrients and the latter giving
the bulk nutrient supply. Hence, the strategic @pfibn of small amounts of fertilizers

has been recommended to be sufficient to sustaidugtion in alley cropping systems
(Young, 1997). To this effect, the use of minerattifizers has proven to be more
convenient than the use of organic fertilizers (Mdk and Ayoola, 2010). For effective
fertilizer application, it is recommended that krgmounts of fertilizers are not applied
all at once. Several smaller doses should be gasmoh timed to coincide with the

demands of crop plants (Muller-Samann and Kotst®®4). Most fertilization studies

have used N, P and K fertilizers either as singlieaight fertilizers) or their combinations

(compound fertilizers) to enhance crop growth.

Several studies have reported on the relationseipvd®en plants growth characteristics
and nutrient supply. However, plant responses ttidifation vary due to the differences
in growth patterns, environmental conditions, typggthod and quantity of fertilizer

applied. For instance, the relatively slow grow#isponse oEriophorum vaginatuno
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fertilization was presumed to reflect the fact thmatst resources that support its growth in
a given year were supplied from stores of resousmpiired previously (Shaver and
Chapin 1ll, 1995). On the other hand, a studyEsita tetralix andCalluna vulgaris for
three growing seasons revealed that total aboveingrdoiomass for both species
increased with increasing nutrient availability (%e 1989). Similarly, nitrogen
application orMichelia champacaesulted in a significant collar diameter incremnand

total dry matter production than unfertilized sesght (Hoqueet al, 2004).

Fertilization with NPK (19:19:19) at rates of 0.0235 g and 5.0 g monthly applied six
times in two growing seasons revealed a signifigactement in leaf length and width
for both seasons. Fertilization with 5.0 g per plgawve the highest leaf length (40.36 and
40.35 cm) and width (2.83 and 2.87 cm) comparethéo unfertilized plants in both
seasons, respectively (EI-Naggar and EI-Nashar@Q9R Different rates of NPK
fertilization further revealed that fertilizatiomgsificantly increased leaf length of onion
varieties. Fertilization rate (150: 100: 50 NPK hay produced the longest leaf length
(47.69 cm) but the unfertilized control significgnproduced the lowest leaf length
(30.80 cm) (Ghaffooet al, 2003). Also, NPK fertilization is reported to brequently
responsible for the tillering responses amé&mnigphorum vaginatungShaver and Chapin
I, 1995). Furthermore, among wheat, significanthcreased tiller production was

observed with NPK application than control fiel@®efmaret al, 2010).

However, at low nutrient and water availabilityapls shift allocation towards roots,

leaving less for the shoots (leaves). Consequedetly,growth is limited by the supply of
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nutrients and water and less photosynthate arepocated above-ground. These shifts
could be adaptive mechanism to enable plants ttusapesources that most strongly
limit growth. The excess photosynthates are thansported to the root, enhancing root

growth relative to that of shoots (Robert, 19970 and Nagel, 2000).

2.4.4 Spacing and density

At the management level, plant growth and develogrmeluding the height, flowering
and fruiting pattern is directly affected by depsit spacing (Huxley, 1996; Ozer, 2003),
although the precise response may be species dtidacispecific (Leitch and Sahi,
1999). Responses to varied spacing/density differ amongerak cultivated crops
depending on the spatial arrangement, plant grostidracteristics and management
objectives. With many crop species, compensatorghar@sms such as tillering or
branching allow similar levels of dry matter accuation per unit area to be achieved

from a range of planting densities (Bahmanal., 2000).

Among cotton plants, spacing altered plant archite¢ photosynthetic efficiency of
leaves, boll size and fruit production pattern (biakatet al, 2009). Increased density in
linseed (Linum usitatissimury restricted the growth of individual plants, riésg in
shorter stems with fewer smaller leaves, shoots aap$ules. However, the increased
numbers of plants per unit area at these highesities more than compensated for the
reduction in individual plant size, leading to sfgrant increases in drgnatter production
per unit area (Leitch and Sahi, 1999). Among foarmeties of groundnut, closer spacing
significantly resulted in the highest dry matteoguction whereas wider spacing resulted

in least dry matter production during a three ysady. The lesser dry matter production
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recorded under wider spacing could be due to tbe pdant population (Chandrasekaran
et al, 2007). Furthermore, a study on high density jphan{45cm x 60cm) of statice
(Limonium sinuaturesulted in superior growth and flower qualityt inferior yields

(Deshpandet al, 2001).

2.4.5 Herbivory or defoliation

Herbivory plays a central role in the organizataiplant communities and evolution of
their constituent species (Ticktin, 2004). One imgat form of herbivory is defoliation,
the removal of leaves (Lee and Bazzaz, 1986yeral artificial defoliation studies have
been conducted on woodland herbs, and responsesbiean so variable that no general
patterns appear to be discernible relative toHitery strategies or phylogeny (Whigham
and Chapa, 1999). When a portion of plant matésialrvested, the nature and quantity
of nutrients and/or photosynthetic capacity removadd the potential for survival
depend on the kind of material harvested. Thisusled seed or fruit harvesting that also
involves damage to other parts of the plants, whiften occurs during fruit harvest
(Ticktin, 2004). Tolerance can involve various meisms that allow plants to cope with
herbivore damage such as compensatory growth,g&t@ad relocation of nutrients, and

regulation of photosynthetic activity (Moser anch&iz, 2006).

Defoliation reduces plant leaf area directly butsome crops it can lead ultimately to
increased leaf area. The removal of younger leagasprolong the life of older leaves.
On the other hand, newly expanded leaves formexnt défoliation compete with older
leaves for solar radiation, mineral nutrients assimilate with the result that the leaves

begin to senesce in sequence according to age @ddyWalker, 1992). Generally,
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herbivory reduces seed and biomass productionlpet @nd increases level of mortality.
However, plantsvhose tillers have high leaf elongation rate wdtamulate sward leaf
area index more quickbfter defoliation and result in basal shading. Taigses a shift in
light quality and associated tiller bud suppresseatlier in their re-growth cycle

(Bahmaniet al., 2000).

For Caragana korshinskiicompensation for fruit production after abovetgrd partial
shoot removal resulted in increased fruit set, elesed fruit abortion, increased seed
number per pod and higher individual seed biom&ksse responses were achieved by
(1) drawing upon more non-structural carbohydraenmf roots to supply flower bud
development and the flush of new foliage; (2) svimg more photosynthetic assimilation
to fruit development owing to increases in leafelephotosynthetic rates (Fareg al,
2006). On the other hand, defoliation on ruderabhBarbarea vulgaris revealed that
seed production was not influenced among injur@atglin the first year (Martinkowet

al., 2008). Similarly, single clipping did not affeebove ground biomass production in

G. urbanumandP. purpureaMoser and Schiitz, 2006).

A study onRorippa palustrisrevealed that defoliation and removal of axilldoyds
induced growth of new shoots from root buds (Méxtiréet al, 2004). However, 3-year
defoliation study ofTipularia discolorshowed that 100% and 50% leaf removal resulted
in a cessation of flowering within 1 year, a pragige decline in below-ground biomass,

and increased mortality (Whigham and Chapa, 1999).
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In a study onLonicera japonicamore carbon was allocated to secondary leaves and
stems after 1 yr due to unlimited herbivory. Tab&@mass accumulation and greater
allocation to leaves and stems indicate a compernsaesponse to herbivory bly.
japonica. However, if herbivory occurs during leaf emergencef a plant is unable to
increase allocation to form more leaf tissue, gotential for growth is reduced or even
eliminated. Therefore, plants usually respond timldgion by replacing leaf tissue, and
changing intrinsic biomass allocation patterns {&embecket al, 1994).A study on the
response of two grass species to a gradient ofligdm intensities, from 0 to 100%
aboveground biomass removal, showed the same atooveh growth regardless of
defoliation intensity due to stimulation of relaivgrowth rate by defoliation. Thus,
aboveground compensatory responses represent dekdpack process resulting in

constant aboveground growth regardless of defohantensity (Oesterheld, 1992).

Harvesting of leaves may have a negligible effecth® plant population being exploited
if: (i) individual plants are not killed in the press; (ii) a sufficient number of healthy
leaves are left on each plant for photosynthesistHe reproductive structures and apical
buds are not damaged, and (iv) sufficient timdlsieed between successive harvests for
the plant to produce new leaves. The harvestingats, bulbs and bark usually kills or

fatally weakens the exploited plant species (Nd&sgat al.,2007).

2.5 Specific leaf area

Specific leaf area (SLA) is defined as the totalf larea divided by the total leaf weight

(Gunnet al, 1999) or a measure of leaf area per unit drysniagested (Reiclet al,
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1998, Wilsonet al, 1999). It is also defined as the light-catchamga deployed per unit
of previously photosynthesized dry mass allocaden({iraminiet al, 2002). Specific
leaf area is one growth parameter that shows regsoio defoliation as well as resource
allocation patterns among some plant speciestléicts the expected return on previously
captured resources (Wilscet al, 1999). Specific leaf area is a concept usedhe t
analysis of whole plant growth (Gurat al, 1999) and is regarded as one of the major

contributors to resource capture, usage and av#yalyendraminiet al, 2002).

Specific leaf area has been correlated with vagmllch as net photosynthesis, relative
growth rate, leaf structure and yield. The pamitng of carbon between different leaves
and within leaves between transport carbohydrdteage carbohydrate and structural
carbon (C) gives a basis for understanding changdsaf weight and hence SLA of
plants. These pools of C vary over different tinsdss and may contribute to changes in
specific leaf area calculated for individual leawéariation in inorganic compounds may
also cause changes in specific leaf area for iddali leaves, but the abundance of C
make its partitioning and metabolism a strong odawéi for controlling changes in

specific leaf area (Gunet al, 1999).

Leaf age and light is also reported to influenceASif barley plants. At the same
physiological age, leaves which developed in layihtlihad a higher individual specific
leaf area than those which developed in high ligggducing the light available to the
whole plant also increased the SLA of leaves whiele fully expanded at the time of

treatment imposition. The increase in SLA in boghwly expanded and expanding leaves
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because of shading was due to lower structurallweifjthe leaves. There was a decrease
in individual specific leaf area with increasingfi@ge due to an increase in structural dry
weight that made older leaves heavier (Gahal, 1999). Conversely, for several plant
species, no significant differences in SLA exisbedween recently matured leaves and
older leaves (Poorter and De Jong, 1999). Thustedemg SLA is associated with
greater allocation of biomass to structural comptmef the leaf rather than metabolic

components, with greater internal shading (Reical, 1998).

2.6 Soil/Site-Plant foliage nutrient relations

For a species to be chosen for cultivation, theigpeonditions for planting need to be
evaluated involving a description of the physiemlaphic and climatic factors for the site
(Boland, 1986). In this review, a site is used imeatricted sense to mean the soil
conditions within which plants grow. Plant growtates depend on the environment,
supply of nutrients and other suitable conditioRser{er and Lawlor, 1991). Hence, soil
testing has been recommended to be a comparatrepig procedure for obtaining

information on nutrient availability, salinity angH in soils as a basis for recommending
fertilizer application (Marschener, 1995). On thines hand, plant chemical analysis
using vegetative organ (leaves, veins, petiolesingoshoots etc) provide information
regarding plant demand for certain elements, andaisable with species and age

(Davidescu and Davidescu, 1982).

Through foliage analysis of several plants, thenmarorder of magnitude of nutrients is

as follows: N > K > P > Mg > Ca (Motsara and RoQ0&). However, several other
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studies have reported varied results perhaps dtleetaumerous factors involved in the
uptake and utilization of plant nutrients. In Seutbstern Australia, a survey on selected
nutrient concentration in the shoots of plants veedked in the order: N > K > Ca > Mg >
P (Foulds, 1993) while Foliar nutrient concentrataecreased in order of: N = 2.48% >
Ca=1.52% > K =1.15% > P = 0.18% > Mg = 0.50% >&%5% has also been reported
among orchards (Zatylny and ST-Pierre, 2006). $81dn mean foliar macronutrients of
Quercus roburleaves from two different sites followed a sequemc the order of
magnitude: N = 22.37 mg'p>» K=7.77mggd >Ca=657mgy>P =16 mgg>

Mg = 1.35mg g (D1"az-Marotoet al, 2009).

Solil fertility research has often relied on emg@ticorrelations between increases in
shoot growth or nutrient content and chemical measants on samples of the soil
(Cummings, 1989; Barber, 1995; Bowmanal, 2003; Zatylny and ST-Pierre, 2006).
Correlations between foliar nutrient concentrati@msl soil nutrient availability have

been found in multiple ecosystems. These relatipsshave led to the use of foliar

nutrients as an index of nutrient status and topttegliction of broad scale patterns in
ecosystem processes (Townsesidal, 2007). For instance, a study involving two
speciesPinus radiataandCupressus lusitaniceevealed that with the exception of Ca in
C. lusitanica foliar K, Ca and Mg were correlated with theispective soil exchangeable
cation measures. For both species significantiosistips between foliar nutrients and 0
—10 cm layer soil properties from unfertilised gletere evident for total N and available

P (Davis,et al, 2007).
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Several other studies have often reported lackoofetation, or at best only a weak
correlation, between foliar and soil nutrient leveFor instance lack of correlation
between soil and foliar nutrients Qfuercus roburhave been reported (DI"az-Maratd

al., 2009). However, consistent positive correlatimtween soil test values and plant
yield has often been reported for only calcium (@Gungs, 1989) probably due to the
immobility of calcium in plant cell. Foliar Ca arMdg levels have been identified to be

dependent on their corresponding levels in soih fisdiar K (Ouimetet al., 1995).

Several factors operate to expedite or retard étease of nutrients to plants (Brady,
1990). This explains the often lack of correlatlmtween foliar and soil nutrient levels.
A study of three herbaceous species attributedaitie of a correlation between soil N
and P supply and their respective foliar conceiutnatto the probable buffering between
soil nutrient supply and foliar nutrient concentvas by belowground nutrient storage in

plants and the use of organic N by plants (Bowetaal., 2003).

Additionally, soil test normally assays only the tportion of the rooting volume where
the concentration of most nutrients in soil solatis only a portion of the exchangeable
nutrients. In the case of Ca, which primarily mobgsmass flow, environmental factors
have quite a different effect on it as comparedotioer nutrients like K that move
primarily through diffusion. Hence, an increasewapotranspiration and increased water
loss would tend to increase a mass flow nutrianthsas Ca, compared to K (Cummings,

1989).
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Soil-foliar nutrient relationship is also influerttdoy the percentage saturation of the
exchange complex by specific nutrient cations. hHigrcentage nutrient saturation of
cations results in their comparatively easy anddrasplacement. The complementary
ions held on the colloids also influence the uptakea given cation. The strength of
adsorption of different cations is in the followingder, AF* > C&£* > Mg®* > K* = NH,"

> Na'. Consequently, a nutrient cation such dssess tightly held by the colloids if the
complementary ions are &land H (acid soils) than if they aMg®* and N4 (neutral to
alkaline soils). The loosely held*Kons are more readily available for absorption by
plants or for leaching in acid soils (Brady, 199B).Ghana, generally, foliar nutrient
concentrations of P and Mg have been reported tovest in species naturally found in
wet evergreen forest zone of Ghana where the amlsnostly acidic (Veenendaat al,

1996).

Nutrient antagonisms, a phenomenon in which cedaihnutrients cause inhibition of
uptake of some cations by plants, also influenakaual foliar nutrient relationships.
Thus, potassium uptake by plants is limited by higlels of calcium in some soils.
Likewise, high potassium levels also limit the Ugataof magnesium even when
significant quantities of magnesium are presenthm soil (Brady, 19900saki et al,
2003). Also, as K uptake increases Mg uptake deese@Zas, 2003) because the presence
of K in plants affects the translocation of Mg frdhe roots to plant top (Mayland and
Wilkinson, 1989). The relationships between foli@igment concentrations in red spruce
and soil chemical properties studied revealed Saamt negative correlations between

the concentrations of the major divalent cations. (Ca, Mg, Mn) and K in the foliage
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suggesting a possible antagonism between the mamwb-divalent cations for uptake
from the soil (Fernandez and Struchtemeyer, 1984)h levels of other cations such as
magnesium, ammonium, iron, aluminium and especagssium, will also reduce the

calcium uptake in some crops.

2.7 Agroforestry multipurpose trees

Definition

In the context of agroforestry, multipurpose trpeces are trees and shrubs which are
deliberately kept and managed for more than onfeipesl use, product, and/or service;
the retention or cultivation of these trees is Uguaconomically but also sometimes
ecologically motivated, in a multiple output langeusystem (Nair, 1993). Agroforestry
covers a wide range of associations of herbaceadswaody plants grown together
under man-managed conditions (Huxley, 1983). Agestsy aims to create interactions
between woody perennials, herbaceous crops or reastand their biotic and abiotic
environments which increase the overall productiat the land use system and/or its

sustainability (Schroth, 1995).

Function-soll fertility

A major service function of trees in agroforestgstems is their maintenance of soil
fertility. Trees minimize leakage of nutrients frahe system and recycle them, prevent
soil erosion and thereby positively influence tlevgh of associated plants and are the
biological premise of agroforestry systems (Rantera and de Wit, 1996). Existing

evidence suggests that there are five mechanismehiph trees ameliorate soils. They
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may: (1) fix atmospheric nitrogen through symbiatatationships and thus enrich the
soil, (2) act as nutrient pumps accumulating ioreamf a large volume of soil and
depositing those ions in a smaller volume of swfsgil, (3) produce large quantities of
biomass and enrich the soil with organic matte), rbderate soil temperature and
moisture extremes, and (5) their rhizosphere effieay enhance nutrient availabilities

(Fisher, 1990).

Supply of nutrients

When nutrientsre limiting, total yield can be increased wher$r@) access nutrients at

depth, laterally in non-cropped zones or from cloathy occluded forms that are

inaccessible to crops, and (ii) capture nutriehtt twvould otherwise be leached due to
incomplete 'synchrony' of supply and demand (priogd 'safety net' so that the system
is less 'leaky’) (Cannedit al, 1996; Allenet al, 2004). Fine roots also supply nutrients to
intercropped plants through root turnover and dikpbaaused by pruning aboveground

biomass as well as mycorrhizal associations (P2285).

Acquisition of resources unavailable to crops bge$ tends to increase biomass
production and subsequently improve soil fertildy increasing soil organic matter
levels, soil physical properties and temporarilguging soil acidity (Cannelet al,
1996). Conversely, surface accumulation of orgamatter increases and pH decreases as
stands grow. Stand growth further causes littenfalieases and canopy closure such that
soil microclimate becomes less favourable for organatter decomposition (Alriksson

and Olsson, 1995).
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Soil erosion control

Trees assist in checking runoffs and erosion. Tgiindbe interception of eroded sediment
in the field, nutrients or soils which would othése be lost are retained (Sanchez, 1987).
Soil erosion control is due to surface mulch, iasedl water infiltration rates due to soill
structure improvement and more complete water Gsarfellet al, 1996; Kho, 2000).
For instance soil moisture content under blogtucaenaand Flemingia hedgerows was
reported to be higher than under sole maize rowthénalleys throughout a growing

season (Chirwat al, 1994).

Currently, calls for the use of indigenous woody aon-woody species in agroforestry
systems in Ghana are yielding positive responsactiées involving a combination of
indigenous economic fruit trees such @sla nitida Spondias mombiniTetrapleura
tetrapterg timber species such agerminalia superbaMiliacia excelsa Terminalia
ivorensis Peptidniastrum africanumand vines likePiper nigrumas well as herbaceous
plants likeThaumatococcus danielldre being practiced in parts of the Western Region
of Ghana. This notwithstanding, little informati@available with regard to the use of
tree species lik€arapa procerain agroforestry systems. Sections 2.6.1, 2.6.22268

present a review of literature on multipurpose tre®lved in this research.
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2.7.1Leucaena leucocephala

Description and ecology

Leucaena leucocephala a shrub or tree which grows up to 18 m talls iforked when
shrubby and branches strongly after coppicing, wgteyish bark and prominent
lenticels. The leaves are bipinnate with 4 - F9af pinnae which vary in length up to
35 cm, with a large gland (up to 5 mm) at the bafsine petiole. The leaflets are about
11 - 22 pairs/pinna, acute and each with dimensfd® - 16 mm x 1 - 2 mm.eucaena
leucocephaldears numerous flowers that possesses globose hathada diameter of 2 -
5 cm. Each flower bear 10 stamens per flower angigtils are 10 mm long. It produces
pods that bear about 18 - 22 seeds per pod andrewenr at maturity (Sheltoet al.,

1998).

Leucaenaoccurs naturally in southern Mexico and is widdigtributed throughout the
tropics. Leucaenagrows naturally on shallow limestone soils, coastands and
seasonally dry, vertisol soils of pH 7.0 - 8.5. elxotic locations it requires well-drained
soils with pH above 5.5, or above 5.0 where aluammsaturation is very lowlLeucaena
tolerate moderate salinity and alkalinity but iet@nt of soils with low pH, low P, low
Ca, high aluminium saturation, high salinity andtevadogging or extended periods of
flooding for more than 3 weekiseucaengrefers sub-humid and humid climates of 650 -
1,500 mm and up to 3,000 mm annual rainfall aner&tés up to 7 months dry
seasonLeucaenarequires temperatures of 25 - 30 °C for optimumwgn and grows

readily to 50% photosynthetic active radiation (AARughes, 1998).

39



Uses

Young green pods can be split open and the frestaiore seeds eaten raw or cooked as
a food (Shelton and Brewbaker, 1998). The juicéhefroot is used to treat diarrhea and
dysentery (Manandhar, 2002). It is highly valuedwasinant forage and as a fuel wood
by farmers throughout southeast and central Asib/Adnca (Fuwape, 1993).eucaena

is the most commonly researched species for al@ymnihg systems (Shelton and
Brewbaker, 1998)Leucaena leucocephala estimated to fix 100 - 500 kg nitrogen (N)
ha/year or more in pure stands, and 75 - 100 kgwgnewn in hedgerow intercropping
(Young 1997). It is planted in hedgerow systemshvgtass for cattle production in
Northern Australia, and as a hedgerow species 1its pd Southeast Asia (Pandetal,
2006) and Africaleucaenais also used as a shade tree over coffee and ¢W¢odd
Agroforestry Centre, 2009). It is grown in dense&vsoas a living fence and used to
support vine crops such as pepper and passion lftaiwever, in the semiarid highlands
of East Africa, hedgerow intercropping witheucaenahas limited potential for

improving crop Yyield or overall land productivitygmaet al., 1995).

2.7.2S5enna slamea

Ecology and distribution

Senna siame#& a medium sized evergreen and non-nitrogengdixaguminous tree in
the family Leguminosae. It rarely exceeds 20 m Memnd 50 cm diameter at breast
height at maturity. It is commonly called Thailasttower, minjiri, or kassod. Senna has a
dense, evergreen, irregular, spreading crown, akea stem, and smooth, grayish bark
that is slightly fissured longitudinally. Its yourganches have fine hairs. The leaves are

pinnately compound with an even leaf arrangemen? of 10 pairs of ovate-oblong
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leaflets 7 - 8 cm long and 1 - 2 cm wide. Its flosvare yellow, borne in large terminal
panicles that are often 30 cm long. The floweriegiqgud is long, and flowers may often
be found at various seasons. The fruit is a flat p6 — 25 cm long, thickened at both

sutures, containing many seeds (Hassain, 1999).

Sennagrows in many environments, but it grows partidylavell in lowland tropics with
mean annual rainfall of 500 - 2800 mm, and a meegrnmam and maximum temperature
of 20°C and 32C respectively. In semiarid environments with meamual rainfall of
500 -700 mm it will grow only where its roots haaecess to groundwater and where the
dry season does not exceed 4 - 6 mon8ennatolerates well drained lateritic or
limestone soils and moderately acid soils. It ajsows well in deep, well drained, rich

soils with pH 5.5 - 7.5 (World Agroforestry Cent2§09).

Uses

It is widely planted in many Southeast Asian coiestifor erosion control, windbreaks,
shelterbelts, fuel wood, and pole wodgknnais a good ornamental tree for planting
along roadsides. It is also used in alley croppintgrcropping and hedgerows. Sena is
planted as a shade tree in cocoa, coffee andaegapbns (Young, 1997; Hassain, 1999).
Sennais also used in traditional medicine particularlpmaging constipation associated
with a number of causes including surgery, chiltibiand the use of narcotic pain
relievers. The leaves and back are used as angiFimalrugs when decocted (Smith,
2009). Though,Sennais not leguminous, phosphorus uptake from the ®oibften
facilitated by heavy root infection by vesiculabascular mycorrhizae (VAM) (Habte,

1995).Sennasiameais known to hold large amounts of nitrogen infdsage (National
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Association of Sciences, 1980). However, hedgeradercropping withSennamay have
limited potential for soil fertility improvement bause of the low biomass produced and

the slow decomposition of its biomass relativehtat bfLeucaengJameet al, 1995).

2.7.3Carapa procera

Distribution and ecology

Carapa proceras a lower-canopy tree that belongs to the familjaceae and can grow
up to a height of 30 m tall. The mature stems amdyfstraight, usually fluted with small
buttresses and diameter range of 0.6 - 0.9Qarapais a monoecious species that
produce up to several hundred large (5 - 10 cm eliarypovoid capsule fruits, composed
of five, rarely six, sub-woody valves containing 8 seeds each. At maturity, the heavy
fruits break open by dropping beneath the matetmesd. The seeds are known to be
dispersed by caviomorph rodents, mainly Agoubadgyprocta leporinpand Acouchis

(Myoprocta exili$ (Doligez and Joly, 1997; Forget and Jansen, 2007)

Carapaprefers a light-textured soil, an altitude ran@® e 1200 meters above sea level
and mean annual rainfall of 1500 - 3200 mm. Thatmah period is between 25 — 30
years for timber (World Agroforestry Centre, 200@garapais found in South America
in Surinam (local nameKaraba or Krapa), French GuianaQarapg, and the northern
Brazilian Amazon Andiroba) It is also widely distributed in West Africa iroantries

like Ghana, Sierra Leone, Liberia, Ivory Coast &hgeria and in Central Africa; Angola
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and Zaire extending eastward to Uganda (Doligez Joig, 1997; Forget and Jansen,

2007).

Uses

The seed endosperms @farapa contain approximately 50% fats/oils and the oil
extracted from itseeds is a valued NTFP of Guianan and Amazoniarforasts. The
oils are traditionally and commercially extractedr fuse in insect repellents and
cosmetics (Forget and Jansen, 2007). The oil ssweded in treating arthritis, rheumatism,
pulmonary troubles, veneral diseases and as aesidot venomous stings or bites. Its
back is used as genital stimulants/depressantsnatrdating paralysis, convulsions and
spasm. The twigs are used as chew sticks (BulB5). The wood is used for making
furniture and flooring, stairs, mouldings, interimindow frames, veneer and musical
instruments. However, exterior application of theaber is restricted by the lower

durability (Forest Stewardship Council, 1996).

2.8 Provenance

Definition

Provenance can be defined as the original geograpburce of seed, pollen or
propagules. It is also a term given to a plant pgype obtained from a particular site or
region (Galloway, 2001; Reebild and Graudal, 2004Brien et al, 2007). Wide
environmental variation often occurs within the umat range of a plant species.
Adaptation of a species to this variation may poedwifferent morphological and

physiological characteristics, resulting in the elepment of ecotypes (Teklehaimarmbt
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al., 1998). These variations in physiology and molpé can influence germination of
seeds (Schutz and Milberg, 1997; Bischeff al, 2006); suckering or rooting of
vegetative materials (Dickt al, 1996); and the growth and survival of plantsn(va

Tienderen, 1992; O’Brieat al, 2007).

Provenances ofraxinus pennsylvanicaMarsh andQuercus rubral., tree species
exhibited morphological and physiological variagsorhich were related to their habitat
(Teklehaimanotet al, 1998). Also, marked geographic variation in geation,
morphology and ecological responses were found gmonr seed populations of
Leucochrysum albican@ilfedder and Kirkpatrick, 1994). These variasdn maternally
derived traits can result in size hierarchies aifieréntial fithess of individuals within a
population. Thus, understanding and identificatmfnmaternal effects has important
consequences for the study of plant distributioagh lwithin and between populations

and communities (Roach and Wulff, 1987).

Survival

Survival and plant height are regarded as key blsawhen evaluating species and
provenances since they indicate the adaptabilith@provenance to the environment at a
trial site. In line with this, no significant diffences in survival percentage amdeuaacia
nilotica provenances were reported (Reebild and Graudal4)2®imilarly, among
Polylepis australisseedlings from two woodland areas, survival did sbow any
relationship with seed provenance. However, indiatline in survival was attributed to

stresses associated with transplanting (Renesoml, 2005). Conversely, significant
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differences in survival were reported fBucalyptus marginatseedlings distributed in
two provenances (O'Brieat al, 2007). Also, an evaluation éfcacia senegatevealed

that survival was significantly influenced by proamces (Raebildt al, 2003).

Plant weight and seed size

An evaluation ofAcacia senegalrevealed that total dry weight was significantly
influenced by provenances (Reeb#t al, 2003). Also,Dalbergia sissoopopulations
scattered over its entire natural range in Indféeid in seed length, seed width, seed
weight and seedling dry weight. These differencas morphological traits were
influenced by seasonal variation of respective &airspread over an immense
geographical area, experiencing varied environnhectaditions (Vakshasyat al,

1992).

Leaf characteristics

Seeds obtained from four populations dfeucochrysum albicansin Tasmania
demonstrated significant differences between pranees in leaf length, leaf width and
leaf area. These variations were related to edagoiicclimatic conditions of the source
of planting material (Gilfedder and Kirkpatrick, 94). Furthermore, an evaluation of
Acacia senegatevealed that crown area and basal area werdisatly influenced by
provenances (Reebildt al, 2003). Also, significant differences in leaf esibetween
provenances for field grown foliage Bfichsia excorticatavere observed (Sweetapple
and Nugent, 1999). Conversely, a study on two pramees ofFagus orientalis and

Fagus sylvaticarevealed significant differences for petiole lend@maf length and leaf
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area, but no significant differences in leaf widtlere observed (von Wuehlisch and

Gailing, 2004).

Plant height

Significant differences between seed provenances amsociated variation in heights
were reported foAlbizia lebbekrees from 12 provenances (Toétyal, 1996),Quercus
robur (Harmer, 2000) andEucalyptus marginatdO’Brien et al, 2007). Furthermore,
shoot length oPongamia pinnataevealed significant differences due to provenaarw
ranged between 3.33 cm and 21.00 cm (Ramesh, 2Q@onkrastingly, no significant
differences in height were reported among proveesincf Eucalyptus microtheca

(Tuomelaet al,, 2000) andAcacia nilotica(Raebild and Graudal, 2004).
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Chapter 3

3.0 SOIL CHARACTERISTICS, FRUIT SOURCES AND CONSERVATION OF

T. dani€llii IN OFF RESERVES OF THE WESTERN REGION OF GHANA
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Summary

This study was conducted in the Western Region lzdr@ to determine the (i) major
sources of fruits and constraints to supply, @ydl of cultivation and conservation
strategies in off reserves, and (iii) soil/site ditions that support naturdl. daniellii
stands. The study communities were Nkrankrom (N3R%281, W 002°37.017),
Benda Nkwanta (N 05° 30.364 W 002°31.638) and Benda (N 05°32.353 W
002°32.3201). Data was collected through formal and infornmakiviews, focus group
discussions and direct field observations of natstands. Soils of natural stands were
sampled for determination of selected physical ahdmical properties. The study
revealed that fruits were predominantly suppliemhfrseven communities within Aowin-
Suaman and Wassa Amenfi West districts. The longtaun and distances covered
during fruit collection resulting from low fruitingnd reduction in stands @t daniellii
are major constraints to fruit collection and sypp\lso, no records of conservation,
cultivation or integration of. danielliiinto farming systems were obtained for previous
or current fruit supplying communities but for Satea plantations. The lack of efforts at
conservation or cultivation of. daniellii cast a doubt about future sustainable fruit
supply from the wild as demand for thaumatin insesa Soil chemical properties; pH, N,
P, K, Ca, Mg, TBS, ECEC, organic matter differegngficantly among sites except for
Na. Also, soil physical property, texture, sigrdfintly differed among sites but bulk
density did not vary among sitek. daniellii can be said to be adaptive and can grow at

different sites with varied chemical properties teasirable physical properties.
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3.1 Introduction

Current information on the sources ©f daniellii fruits point to the fact that most
collections are still done in the wild. As a restittere is not enough knowledge on the
site/soil conditions that support its growth asIveel other areas outside forest reserves
where stands of. daniellii contribute to fruitsupply. In Ghana, the Western region is
currently a major source of fruits to the thaumadiiraction plant in Samreboi. The
market for thaumatin is expected to expand in tharé and continuous dependence on
supplies from the wild will not be sustainable t§ icultivation by local farmers is not
encouraged. There is therefore the need to findhlmupossible areas of occurrence and
soil / site characteristics, types and scale adfivation by farmers and as well ascertain

factors that can encourage farmers to cultiiatdaniellii

Soil properties such as soil reaction (pH), mogstloulk density, texture and levels of
organic matter, N, P, K, Ca, Mg, as well as mictaeuts affect the growth of plants. A
combination of these factors among others detersniieere and how well a plant grows.
In addition, the availability of plant nutrients different concentrations in plant biomass
can also be used to establish a relationship betwei nutrient status and plants ability
to uptake them. This can also help to determine siecific plant nutrients thal.
daniellii requires for its growth and fruit development. cBunformation would be very
useful since any efforts geared toward encouralgirge scale cultivation would be done
on off reserves due to entry restriction in foresserves. Also, knowledge of the
conservation status/strategies Df daniellii are very essential for understanding its

sustainability in off reserves and to justify thecassity for conservation.
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3.1.1 Study Objectives

The specific objectives of this study were to deiee:
(1) The distribution, major sources and constraintsuid supply to the thaumatin
industry
(i) The level ofT. daniellii cultivation, its conservation strategies and tcesss
the potential for its cultivation by farmers

(i)  The soil/site conditions that support growth ofunat stands of . daniellii

3.2 Materials and Methods

3.2.1 Study sites

Three communities were selected in the Western dRefiased on their current or
previous roles in the supply of fruits to the thatim plant as well as reported occurrence
of the T. daniellii stands in these communities. The selected comresinivere
Nkrankrom (N 05°32.028, W 002°37.017/), Benda Nkwanta (N 05° 30.364 W
002°31.6381) and Benda (N 05°32.358 W 002°32.320). Nkrankrom is located in
Aowin/Suaman district which lies in the mid-westgart of the Western Region of
Ghana. The capital of the district is Enchlin the other hand, Benda and Benda
Nkwanta are located within Wassa Amenfi West distith Asankragua as the district

capital.
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3.2.2 Data Collection Methods

Reconnaissance surveys were initially conductesklacted areas to identify presence of
T. daniellii and for the assessment of habitats. Data was gukstly gathered through,
interviews, field visits, laboratory analysis arntbpography which involved documenting
with digital camera images of areas where natuealds ofT. daniellii occur. The study
was gender as well as culture sensitive and ppatiory in approach. Some of the field
diagnostic tools were employed separately or in lhoation to obtain the best task
results. The details of the various activities ieafrout to gather data are presented as

follows.

Interviews/Group discussions

Data was gathered using participatory research adstinvolving formal and informal
interviews with key resource persons as well asigagroup discussions within selected
communities. The group for each discussion comgr8e 12 individuals who were
mainly farmers, fruit collectors and leaf colle@dAppendix 1a). The discussions were
designed to capture qualitative and quantitatifermation about their involvement ih
daniellii fruit collection, sale, and local knowledge onditstribution, as well as its level
of cultivation and conservation. The groups wenestituted to ensure the participation of

both genders.

The discussion was coordinated by a facilitatongisstructured open ended and non
leading questions. During discussions, individedpressed their views freely whiles all
group members were allowed to share their thoughtesponses that came up in order

to ensure that views reflected the opinion of thkeol group. Three focus group
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discussions were conducted in Nkrankrom and BerklaaNta on 8 and 7", and 27

respectively whiles two were held in Benda off Z&tober, 2009.

Further interviews were conducted with officials thie Agroforestry and Thaumatin
Department of Samartex Timber and Plywood Companoyding on the various sources
of T. daniellii fruit supply, the current state of supplies aslvasl how trading ofT.

daniellii is done. On the whole, information gathered rédlédhe opinions of a total 74

people who participated in the focus group disarssplus key informant interviews.

3.2.3 Field methods

Stand characterization
Direct field observations and measurements weralucied on cultivated and fallow
lands in selected communities to ascertain how éasrare conserving. danielliion the

farms.

Plant density and height
The numbers off. daniellii petioles present on randomly marked plots (1% were
counted to determine plant density. Height measeanmtsnof T. daniellii stands were

recorded using measuring tape and then categanietieight classes.

Percentage relative abundance (PRA)
The percentage relative abundance (PRA) Tordaniellii in identified patches was
calculated using the following formula (Odebsft al, 2004) but modified to suit the

objectives of this study.
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PRA =[Number of stands in the size-class x 100] Egn 3.1

Total number of stands

The modified form of the equation 3.1 is preserae@quation 3.2 below

PRA = [Number of petioles in the height-class*x.00] Egn 3.2
Total number of plants # m

Percentage relative abundance (PRA) of farm arndwalands were computed for the
height classes from sites in Benda, Benda NkwamtaNkrankrom using equation 3.2.
The concept behind PRA was to determine the abwedaf maturedT. daniellii

populations which was then used as an index ofawaton on selected sites. Hence,
matured populations were classified as those wdhtgeight exceeding 1.0 m as most

fruiting populations surveyed were at least 1.Gath t

Tree data
The tree/shrub population and type of species lysaatociated witi. daniellii stands

were determined by head count. Tree diametersessbheight (dbh) were measured

using diameter tape. Tree heights were also detedhising a hagameter.

Soil and foliage Sampling

Soil samples were collected from natural stands. afanielliiat Benda, Benda Nkwanta
and Nkrankrom. Three plots (1.0°mwere randomly demarcated within each site
supporting natural stands @t daniellii. Three soil samples were collected using soil
auger to a depth of 0 — 15 cm and 15 — 30 cm frach @lot (Appendix 1b). The samples
for each site were mixed in a clean container dmeet sub-samples for each site were

taken for laboratory analysis. Soil cores were asitected using bulk density sampler
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for bulk density determination. Foliage ©f daniellii (young and old) was also sampled
on each of the three plots from which soil samplvas done. Foliage samples were air
dried and milled. Three sub-samples of foliage freach site were then taken for

laboratory analysis.

3.2.4 Laboratory Methods

Soil analyses

Soils were analyzed for N, P, K, Ca, Mg, pH andamig matter. Effective cation

exchange Capacity (ECEC), total exchangeable b&BE8) and percentage base
saturation were also determined. Soil nitrogen determined using Kjeldahl method.
Available phosphorus was determined using Bray'sINmethod. Available Potassium
was calculated by determining the potash conteatnmonium acetate extractant of soll
sample using the flame photometer. Exchangeablei®@al and Magnesium were

determined by the Versenate (EDTA) method. Soikbdénsity was determined by
dividing the weight of oven dry soil by volume diet soil. Soil texture was determined

using Bouyoucos Hydrometer method (Motsara and R0QS).

Foliar analyses

The foliage ofT. danielliiwas analyzed for N by Kjeldahl method while P,G§ and Mg
were determined using the dry ash method. Thislwesodissolution of plant residues
ashed at 500 - 600°C in dilute HCI. The acid-digeégir dry-ashed plant sample was then
used to determine required nutrients using a flahmometer (Motsara and Roy, 2008).
All laboratory analyses were conducted at the Begearch Institute of the Council for

Scientific and Industrial Research (CSIR), Kum@&diana.
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3.2.5 Data Analysis

Data collected on sources of fruits supplies, pldensity/mf, percentage relative
abundance (PRA) and scale of cultivationTofdaniellii are presented in section 3.3
Observed natural stands on farms and off resemneeepresented using figures or plates.
Based on information gathered, the potential fdtivation or integration off. daniellii
into farming systems was assessed using the SWa@ysa This method permitted the
assessment of identified factors grouped underfaghewing headings: strengths (S),
weaknesses (W), opportunities (O) and threats The matrix presents in a simple
format the factors that need to be consideredemtiest to promote the cultivation Bf

daniellii.

Data on selected soil chemical and physical pragseds well as foliage nutrient levels
from the different communities were subjected talgsis of variance test using a
Completely Randomized Design (CRD). Mean comparia@s done using Tukey's
mean separation technique using statistical soé@atistix 8 (United States Department
of Agriculture/Natural Resources Conservation ServR007). Regression analyses were
used to establish correlation between soil anadalinutrient (N, P, K, Ca and Mg) levels

using Microsoft Excel 2003.
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3.3 Results and Discussion

3.3.1 Sources of fruit supply

The study confirmed thaf. daniellii populations occur predominantly in the Aowin
Swaman and Wassa Amenfi districts of the WestegidReof Ghana (Figure 1). Though
some of the fruits were obtained from nearby foreserves, discussants of the focus
group discussions indicated that major suppliefsuifs come from off reserves or fallow

lands.

Communities in the Western region that mostly si@pipiruits to the thaumatin extraction
plant from 2007 and 2009 included Nkrankrom, Matto®Ild Yaakese, Benda, Benda
Nkwanta, Kokoase, Amoaku, Hiamatuo, Adumkrom, Sémirand Aggreyso (Figure 2).
However, records indicate that supplies from sorh¢hese communities have halted
since November, 2008. Together, seven of these comties supplied a total of about
3.88 tons of fresh fruits estimated at GH¢1,162Z&6a period of 11 months from
November, 2008 to September, 2009 (Figure 2) (Soufichaumatin Department,

Samartex).

The people in these communities were aware thés foll T. daniellii had market value

though few of them were involved in its collecti@md sale. Comparatively, most
communities currently supplying fruits were closer Samreboi than those no longer
doing so. This emphasizes the important role pldyedistance in the supply of fruits to

the thaumatin extraction plant.
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Figure 1. Map of Districts and Communities in the3dérn Region involved in the supplyTofdaniellii fruits to thaumatin extraction
plant at Samreboi, Ghana
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Quantities of fruits (tons)
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Figure 2. Estimated quantities of fruits suppligetcbmmunities from November, 2008 to September926
the Western Region (Source, Thaumatin Departmamagex, Samreboi, Ghana)
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Collectors from Benda and Benda Nkwanta currentijmichate list of suppliers because
of their ability to transport collected fruits oadt to the extraction plant. Consequently,
fruit supplies from Nkrankrom had halted with femdividuals who supplied fruits for a

period ranging from 3 weeks to 3 years. Currenit frallectors from Benda and Benda
Nkwanta have been involved in this trade for aquknf 1 — 6 years (Appendix 1c and

1d).

Fruit collectors averagely use five days to colleetween 10 — 50 kg of fruits and obtain
between GH¢ 3 — 15 per week depending on how mueé and efforts individuals
devote to fruit collection. Based on this it coué projected that collectors obtain
between GH¢ 156 — 780 annually. This provides atitiadal or alternative source of
income to households as well as employment in tlicesemunities. Similarly, studies
from the Afadjato-Agumatsa area of the Volta RegdGhana, revealed th@t daniellii
fruits collection provide employment for severabpke with individuals collecting 10 —

20 kg of fruit per day which were then sold at GH$6/kg (Ekpe and Ottou, 2006).

3.3.2 Constraints to fruit collection and supply

One major challenge faced by fruit collectors i® ttistance covered during fruit
collection. Fruit collectors indicated that fruitgoluction is generally low in natural
stands ofT. danielli. Consequently, they move from one distant starehtither making

collection tedious as well as time consuming commgleting earlier reports on the
challenges involved in obtaining fruits (Yeboah al, 2003). The situation has been

worsened by the continuous expansion of cocoa farrtieese communities. Participants
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indicated that areas that support stand3.odlaniellii also have the capacity to support
productive cocoa farms. This has encouraged largke €learance of. daniellii stands
for cocoa establishment. To date increases in cpauduction have been mainly through
expansion of cocoa farms in the forest areas. Tai@ rocoa-producing region in Ghana
is presently the Western region, which producesemibran 50% of total annual
production (Anim-Kwapong and Frimpong, 2003). Thas therefore reduced sources of

fruit collection.

Though the sale of fruits provided income to cdbes, they registered their displeasure
about the current price (GHp 30/kg) at which friate purchased by Samartex owing to
the challenges they go through during fruit colatt Some revealed their intension to
stop fruit collection notwithstanding the moneté&gnefits obtained. This may however

impact negatively on fruit supplies if the purchasiee is not reviewed.

The cost of transporting collected fruits is alsmajor reason why most collectors have
stopped supplying fruits. Others reported of anim@hcks such as snakes and wasps
sinceT. daniellii stands provide a suitable abode for such animadsexpressed their
fears over their previous encounter with some e$¢hanimals. This is also a reason why

most farmers clear it from their farms.

3.3.3 Conservation and cultivation strategies

Information gathered from the focus group discussiwithin the selected communities

as well as interviews with Samartex officials rdedathat there is currently no
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cultivation or integration of. daniellii into land use systems in these three communities
or other communities that supplied fruits to thenpany. Current efforts to encourage
conservation and cultivation df. daniellii are only limited to Samartex plantations.
Consequently, most participants demonstrated navladge on how to effectively grow
and managd. danielliiin land use systems since it is still regarded ased except for
fruit collectors. The inadequate information on #w®logical productivity, growth forms,
life history and conservation of species suchTaganiellii complicates management
scenarios, the setting of conservation prioritiad defining sustainable harvest levels

(Ndangalaset al.,2007).

Currently, no other agency or institution aparnhir&amartex is promoting cultivation or
integration as well as management Tf daniellii into farming systems. However,
majority of participants demonstrated keen intemestultivatingT. daniellii in the future

if encouraged particularly with the guarantee o&dye market and a good price.
Notwithstanding this interest expressed, most fasmeere not prepared to integrdate
daniellii into their cocoa farms. For smallholder cocoa fensncocoa contributes about
70 - 100% of their annual household incomes (Animaliong and Frimpong, 2003).
They revealed that the cultivation ©f daniellii on their farms would interfere with the
cocoa growth, decrease yields and subsequentlgeealinual incomes. However, it has
been proposed that the surest way to maintain Nopdr Forest Products is through the
integration of their management with other fores¢ss This is because their integration
with timber management can provide several benefid enhance a slower or more

environmentally sustainable rate of timber ext@ct{Wickens, 1991; Ndangalasi al,

61



2007). With majority of farmers disapproving of eotultivation, they suggestel.

daniellii cultivation with either oil palm or tree plantats

Participants, mainly farmers, revealed that itsaghocompetes with the growth of trees
and other associated crops suchXasthosoma sagittifoliunicocoyam),Manihot spp
(cassava)Dioscoria spp (yam) andMusa paradisiaca(plantain) and reduce yields.
Farmers cited observed cases of high attrition @mmcoa trees on farms whefe
daniellii were allowed to thrive over a period of about tém three years. Field
observation also revealed that the undergrouncbmingzs and roots of. daniellii are
concentrated in the 0 — 30 cm soil layer. Hencengits to cultivate it with shallow
rooted crops could result in competition betw@erdaniellii and the associated crops.
Other farmers also emphasized that its presencéamns affects uptake of applied
fertilizers to the detriment of cocoa trees. Dué¢hi® massive concentration Df daniellii
rhizomes and roots within 0 — 30 cm depth of sddsmers complained that nutrients
supplied through fertilization are quickly absorbbg T. daniellii and consequently

reduces the productivity of cocoa trees.

Thaumatococcus daniellihas been described as difficult to eliminate friaams and
other land use systems. However, respondents a&dhtitat natural populations over the
years have continued to dwindle due to farm expenas well as bush fire which was
indicated as a major environmental factor that litateés attrition of underground

rhizomes.
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3.3.4 Stand characteristics and distribution

Nature of distribution

Discussants revealed that daniellii is distributed as fragments or patches of dense
stands (Appendix 2a) on off reserves, fallow lamdssecondary forests and is less
prevalent in forests with closed canopies. Opeestocanopy is reported to allow the
development of a profuse growth of marantaceoulssf¢Hall and Swaine, 1976) and
complements earlier suggestions that it may beaeer species (Wojciedt al, 2005).
The largest patch size was identified at Benda .BL.2#) followed by Benda Nkwanta

(90.0 nf) and Nkrankrom (56.0 fn(Table 3.1).

The growth characteristics of. daniellii was likened to that of gingeiZifgiber
officinale) which is also rhizomatous and regarded as faetvigg, aggressive or
colonizing plant; and produces several tillers tigto underground stems. Participants
who were mainly farmers and fruit collectors indechthatT. danielliiis normally found

in swampy areas or very wet soils, near water spdiandy soils and abandoned cocoa

farms and is in agreement with an earlier reporbjgiéchet al, 2005).

Majority of the participants also agreed tAatdaniellii preferred low lying areas with
moist but well drained soils and emphasized thasdestands are rarely found on hilly
areas. Fruit collectors confirmed that majorityfrofiting populations are found on flat or
gently sloping lands since such sites are repgsabnutrients from higher ground. The
influence of slope on the growth ©f danielliiis consistent with the report that steep land
was not conducive to the growth ©f daniellii and often results in low quality fruit and

leaves (Woijcieclet al., 2005).
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Table 3.1. Stand characteristiclofdaniellii populations from three sites

Sites
Benda Benda Nkwanta

Nkrankrom

Fallow land Farmland Fallow land Farmland Fallowmda Farmland

Height classes (m) Percentage relative abundance (%)

<05 - 10.00 - 44.00 - 96.77
0.5-0.9 18.75 70.00 2.70 56.00 11.11 3.23
1.0-1.9 28.13 20.00 16.22 - 13.89 -
20-2.9 31.25 - 37.84 - 25.00 -

>3.0 21.88 - 43.24 - 50.00 -
Population / 32 10 37 25 36 31
Average plant height (m) 1.9 0.8 2.6 0.5 2.7 0.3
*Patch size (1) 124.5 - 90.0 . 56.0 .

- No value obtained
*Values only obtained for natural stands or fallewds
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Though most people indicated th@t daniellii flourishes on very wet soils, fruit
collectors particularly indicated that fruiting stés or populations are found on very well
drained soils or soils not submerged under watkis Tould be due to the reason that
excessive moisture or water inhibits flower forroatior cause flower attrition and

subsequently lower fruit formation.

Plant population

Generally, plant populationm was higher on fallow lands than farmlands.
Thaumatococcus danielljpopulations on fallow lands were Benda Nkwanta (3%,
Nkrankrom (36 rif) and Benda (32 1) (Table 3.1). Population on farmlands were:
Nkrankrom (31 rif) > Benda Nkwanta (25 1) > Benda (10 m). Comparatively,
fruiting populations seemed dominant on fallow krat off reserves than farmlands.
Farmers unwillingness towards tleealtivation or integration oflf. daniellii into agro-
ecosystems within study communities was revealedthey low petiole populations
recorded on farmlands (Table 3.1). Most populatioiestified on farms were naturally

regenerating stands surviving persistent clear@hppendice 2b, 2c and 2d).

Plant height

AverageT. daniellii heights were higher on fallow lands than farmlandsights of
populations on fallow lands ranged between 0.48-n8for Benda, 0.9 — 3.9 m for Benda
Nkwanta and 0.6 — 4.5 m for Nkrankrom. Also, plémgights on farmlands ranged
between 0.3 — 1.4 m for Benda, 0.2 — 0.9 m for BeN#wanta and 0.1 — 0.6 m for
Nkrankrom. Irrespective of the patch size, stanigtite of T. daniellii were higher for

Nkrankrom (2.73 m) than Benda Nkwanta (2.62 m) Bedda (1.90 m). This could be
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attributed to differences in stand ages or anthgepir activities such as harvesting of

leaves or clearing of stands.

Percentage relative abundance (PRA)

The total percentage relative abundance (PRA) dluregpopulations on fallow lands
were Benda Nkwanta (97.3), Nkrankrom (88.9) and d&ef81.3) (Table 3.1). The
dominance of matured population at Benda Nkwantmdgative of the high level of
participation in fruits collection and supply byethnhabitants as shown in Figure 2.
Hence, though no deliberate attempt is being madeotserverl. daniellii on fallow
lands, its populations at Benda Nkwanta seem toeltter protected than Nkrankrom and
Benda perhaps due to the economic benefits obtaimedgh fruit sales. Fifty percent of
populations on fallow lands at Nkrankrom were edqaar more than 3.0 m as compared
to 43.2% and 21.9% for Benda Nkwanta and Bendaeotisely. This could be attributed
to the non-disturbance of natural populations ataNkrom since fruit collection is
dormant. Whereas no matured populations were faméhrmlands at Benda Nkwanta

and Nkrankrom, 20% of stands at Benda were mai{lrale 3.1).

Associated trees/shrubs

With regard to associated tree/shrub species, thnesgioned by participants within the
three communities include pioneer secondary faspsties such dglacaranga barteri
(Opam), Musanga cecropioidesCecropia peltata (Odwuma), Rauvolfia vomitoria
(Kakapenpen) andapacaspp (Kontan). Other species suchCasda nitida (Bese) Rufus
rufus (raffia), Rattan Calamus spp) and non-woody wee@hromolaena odorata

(Acheampong) have also been identified growingssoaiation withl. daniellii patches.
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Table 3.2. Field identified tree/shrub specie®assed withT. daniellii stands

Communities Scientific name Local name Tree heights (m) Diameter at breast height (cm)
Benda Musanga cecropioides Odwuma 24.5 18.0
*Alchornea cordifolia Gyamd 4.1 4.8
Benda Nkwanta Antiaris toxicaria Kyenkyert 52.0 23.0
Funtumia elastica Fruntunt 16.0 6.7
Albizia zygia Okord' 28.0 29.7
*Alchornea cordifolia Gyamd 6.8 5.1
Nkrankrom Musanga cecropioides Odwum@& 30.0, 24.4 15.3, 8.2
Macaranga barteri Opam/Eparh 15.0 18.6
*Alchornea cordifolia Gyamd 6.2 10.1

Superscript numbers represent number of individpaties identified
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The presence of theses species in associationTwianiellii emphasizes the perception
that most collections are currently done in eitb#rreserves or disturbed forests/fallow

lands.

Field identified tree/shrub species associated WitHaniellii stands in the three selected
communities are presented in Table 3.2. Heightes/shrub species ranged between 4.1
— 52.0 m whiles diameter at breast height rangaddsn 4.8 — 18.0 cmAlchornea

cordifolia (Gyama) was the only species identified withinTaltlaniellii stands.

3.3.5 Potential for cultivation or integration

The potential for cultivation or integration of. daniellii into farming systems is
presented in a matrix in Figure 3 based on fadattassified as strengths (S), weaknesses
(W), opportunities (O) and threats (T) (SWOT). Treain factors were considered as
strengths that could promote or facilitate theigatton of T. daniellii. Firstly, majority

of discussants revealed thatdaniellii stands occur in several areas unexploited. This is
a strong indication that supplies from natural searcan continuously sustain market
demand within the short to medium term before & shiards dependence on cultivated
stands. Availability of such stands could also seas sources for germplasm collection
for T. daniellii propagation materials. Furthermore, the availgbilbf thaumatin
processing plant at Samreboi and ready marketdibeated fruits serve as a source of
guarantee to farmers willing to cultivaie danielli. One significant factor that could
facilitate future cultivation ofT. daniellii is the high interest expressed by farmers

towards its cultivation.

68



[72]

Strengths: Weaknesses:

1. Availability of natural stands ta 1. Inability of natural stands to
supply propagating materials or produce enough fruits and long
fruits fruiting duration.

2. Availability of processing 2. High cost of transporting
facility and ready market fof collected fruits to buying centres
collected fruits as well ag
finished products. 3. Lack of storage facilities of

preservation methods for fruit

3. High interest among farmers to collected each week.
cultivateT. daniellii.

4. Dearth of information on
agronomic and manageme
practices or appropriate land u
system.
Opportunities: Threats:

1. Capacity to produce enough 1. Decline in the T. danielli
quality planting materials from population through expansion ¢
available germplasms. cocoa farms could impag

negatively on future fruif

2. Develop agronomic practices collection and supplies.
for its cultivation or integration
into recommended farming 2. Declining interests amon

systems through research.

3. Enhanced interest in fruit

collection or cultivation through
increased purchase price a
organized markets.

N(

collectors due to low prices, hig
transportation costs and lack
storage facilities for collectes
fruits.

pf

~—+

o WL

1=

Figure 3. SWOT matrix assessing the potential @dtivation or integration of .

daniellii into farming systems
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Irrespective of the above factors, other factomsnésl weaknesses could hinder the
cultivation of T. daniellii. Poor and long fruiting duration of natural stanasually after
two years, could discourage cultivation using pgateng materials from such sources.
Moreover, the high cost of transporting fruits toyimg centres also discourages
collectors who fail to gather enough fruits. Asithese, fruit collectors complain about
lack of storage facilities or preservation methdais fruits collected since most fruits
collected rot within a week of collection. Alsoetlow level of agronomic information
needed to effectively cultivat&. daniellii can retard efforts towards encouraging its
cultivation. Owing to these, farmers who are uraartabout the fruiting patterns of

stands could feel insecure to cultivatedaniellii.

Notwithstanding these weaknesses, opportunitiest éer the production of quality

planting materials as well as the development obragmic or management practices for
recommended agroforestry systems. Purchase pri@esbe increased to encourage
farmers to cultivate it for additional income. Newarketing schemes could also be

developed to facilitate the collection and purchgf fruits.

Considering all these factors, some major threatthé cultivation or integration Of.
daniellii into farming systems include the decline and padssextinction of natural
populations. This could be a setback to germplasiteation and subsequent production
of quality propagules. Other threats incluttee declining interests among collectors due
to the current low purchasing prices, high trantgimm costs and lack of storage

facilities for collected fruits.
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3.3.6 Soil properties and foliar nutrient relationdips

3.3.6.1 Soil chemical properties

Selected soil chemical properties within the upper 30 cm depth of profile differed
significantly (P < 0.001) among sites for all paeders except Na (Table 3.3)he pH of
soils at Benda Nkwanta (5.30) were significantly=(0.05) less acidic than that of Benda
(4.77) and Nkrankrom (4.10). Similarly, total bassguration of soils at Benda Nkwanta
(87.53%) were significantly a( = 0.05) higher compared to Benda (82.03%) and
Nkrankrom (65.07%). Exchangeable acidity was sigaiftly higher for soils at
Nkrankrom (9.10 ppm) than Benda (7.99 ppm) and Bedkwanta (5.60 ppm) (Table

3.3).

However, comparable available P were obtained @is sat Nkrankrom and Benda
Nkwanta and were significantlya (= 0.05) lower than soils at Benda. Similarly,
Magnesium in soils at Nkrankrom (3.79 ppm) and Be(l05 ppm) were significantly

(oo = 0.05) lower values than soils at Benda Nkwa@t&q ppm) (Table 3.3).

Soil N did not differ significantly = 0.05) between Benda and Benda Nkwanta but
were significantly ¢ = 0.05) lower compared to Nkrankrom (Table 3.3)il &, Ca, total
exchangeable bases (TEB) and effective cation exyghaapacity (ECEC) did not differ
significantly @ = 0.05) between Benda and Benda Nkwanta but wgngfisantly (o =

0.05) higher than Nkrankrom (Table 3.3).
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Table 3.3. Selected soil chemical properties (0-€18) of T. daniellii stands from three sites

T
Sites
Soil properties DF Fvalue Pr-value Nkrankrom Benda Benda Mean Rank/Grade
Nkwanta
pH 1:1 KO 2 2440 0.0000*** 4.10° 4.77° 5.30°¢ 4,72 Acidic -Very
(0.06) (0.04) (0.00) (0.05) acidic
N (ppm) 2 287 0.0008*** 1900.00 1433.3°  1233.30° 1522.2  Moderate
(81.65) (66.66) (66.67) (90.26)
Available P (ppm) 2 156.0  0.0000*** 1.2% 4.47° 0.83° 218  Low
(0.16) (0.16) (0.16) (0.23)
K (ppm) 2 520 0.0002*** 2.53 4.87 ° 5.07 @ 4.16 Low - moderate
(0.11) (0.11) (0.30) (0.28)
Ca (ppm) 2 659 0.0001*** 9.80 26.70° 24.93° 20.48 Low
(0.90) (0.00) (2.50) (1.62)
Mg (ppm) 2 39.0 0.0004*** 3.79 4.05° 8.68 ¢ 5.51 Low
(0.28) (0.38) (0.53) (0.62)
Na (ppm) 2 012 0.8882 0.84° 0.88° 0.88° 0.86 -
(0.04) (0.04) (0.10) (0.09)
Total exchangeable 2  63.3 0.0001*** 16.96 36.50° 39.56° 31.01 -
bases (TEB) (0.89) (0.41) (2.48) (2.18)
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Table 3.3. Continued

T
Sites
Soil properties DF Fvalue Pr-value Nkrankrom Benda Benda Nkwanta Mean Rank/Grade
Exchangeable 2 96.2 0.0002*** 9.10% 7.99° 5.60° 7.56 -
Acidity (Al+H) (0.43) (0.08) (0.03) (0.36)
ECEC (ppm) 2 61.1 0.0003*** 26.06 44.50° 45.15° 38.57 Moderate
(1.30) (0.36) (2.89) (2.31)
Total Base 2 636 0.0000*** 65.07 82.03 87.53° 78.21 -
Saturation (%) (0.43) (0.32) (0.69) (0.71)
Organic Matter (%) 2 90.1 0.0000*** 2.93 2.16"° 2.16° 2.41 Moderate
(0.02) (0.00) (0.08) (0.07)

*** Significant at 0.001 probability level’ not significant

"Means with different superscript alphabets in a aversignificantly differento( = 0.05) using Tukey's separation technique
Rank/grade as determined by Soil Research Instkutmasi Ghana, - Rank/grade unavailable

Numbers in parenthesis represent standard errmeahs

73



On the contrary, Nitrogen (1900 ppm) was signiftbafo. = 0.05) higher at Nkrankrom
compared to Benda (1433.3 ppm) and Benda Nkwa233(3 ppm). Also, significantly
(o = 0.05) higher organic matter were recorded ataNkrom whereas Benda Nkwanta
and Benda recorded the same values. On the coniargtid not differ significantlyo =

0.05) among sites (Table 3.3).

Rankings provided by Soil Research Institute, C3Rywed that pH (4.1 — 5.3) from
sites ranged between very acidic or acidic sugggdtiatT. daniellii thrives on soils
which do not fall within the reported pH range (5.3.5) of most cultivated soils. Ranges
of effective cation exchange capacity (ECEC) (26-085.15 ppm), exchangeable K
(2.53 — 5.07 ppm), N (1900.0 — 1233.3 ppm) and moyaatter (2.93 — 2.16%) were
ranked moderate. Also, ranges of exchangeable &® (9 24.93 ppm), Mg (3.79 —
8.68ppm) and available P (1.25 — 0.83 ppm) wereke@dnlow (Table 3.3). Low
availability of P confirms reports on tests donerfst soils and may be attributed to the
high acidity (Driscoll, 1990, Fitzpatrick, 1990)h@ general fertility trend is presented as

Benda Nkwanta > Benda > Nkrankrom.

3.3.6.2 Soil physical properties

Bulk density
Soil bulk density did not differ significantly (P 8:05) among sites. Bulk density of soils
at Nkrankrom, Benda and Benda Nkwanta were 0.79%&®9 gcrit and 1.02 gemi

respectively. The bulk density values were withe teported range for most soils i.e.
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1.0 — 2.0 gcnd which attests to the fact that the distributionTofdaniellii might be

strongly linked to sites with desirable physicahidcteristics (Table 3.4).

Texture

Solil texture differed significantly (P < 0.001) angpsites. Mean comparison of soil
separates (Table 3.4) revealed that the propodfasand was significantlyo(= 0.05)
higher for soils at Benda Nkwanta (65.18%) than bmth Benda (56.14%) and
Nkrankrom (27.34%). However, silt proportions wergnificantly @ = 0.05) higher for
soils (55.32%) at Nkrankrom than 35.84% at Bendd 2©.48% at Benda Nkwanta.
Also, clay proportions of soils, 17.35% at Nkrarkravere significantlydq = 0.05) higher
than 8.02% at Benda and 7.35% at Benda Nkwanta.lddkeof significant ¢ = 0.05)
differences between proportions of clay at Bend& Benda Nkwanta may suggest that
soils could have been formed from the same pareté¢nmals or influenced by the same

soil formation processes.

Soils supporting’ . daniellii stands were mainly silt loam or sandy loam (T&xg. Fine

— textured surface soils such as silt loams, cagsclay loams generally have lower bulk
density than sandy soils. Solid particles of siirhs, clays and clay loam soils tend to be
organized in porous grains or granules, especiliylequate organic matter is present.
This condition assures high total pore space anddolk density (Brady, 1990). With
reference to the obtained results, soils at Nkmamkmwere mainly silt loam with a
significantly @ = 0.05) high organic matter content than Benda Baedda Nkwanta
(Table 3.4). This could have accounted for the lowalk density (0.79 gcif) at

Nkrankrom.
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Table 3.4. Selected soil physical properties (@-€®) of T. daniellii stands from three sites

Te:
Sites

Properties DF  Fvalue Pr-values Nkrankrom Benda dBévkwanta Mean

Bulk density (gcrit) 2 1.19 0.366 0.79 0.99 1.02 0.93
(0.14) (0.09) (0.10) (0.16)

Solil separates (%)

Sand 2 869 0.000*** 27.34 56.14° 65.18° 49.55
(0.98) (0.34) (0.40) (0.95)

Silt 2 198 0.000*** 55.37 35.84° 27.48° 39.55
(1.39) (0.47) (0.97) (1.43)

Clay 2 105 0.000**+ 17.3% 8.02° 7.34° 10.9
(0.67) (0.01) (0.66) (0.77)

Textural class Silt loam Sandy loam Sandy loam

*** significant at 0.001 probability level,” not significant at 0.05 probability level
"Means with different superscript alphabets in a siymificantly differ ¢ = 0.05) using Tukey's mean separation technique
Parenthesised numbers represent standard errorsawfs

76



3.3.6.3 Foliar Nutrients concentration

Foliar N, P, K and Mg were not similar (P < 0.05hang sites. However, foliar Ca
differed significantly (P < 0.05) among sites (Tal8.5). Generally, the mean foliar
nutrients from all sites followed a similar patteim an increasing order which is a
deviation from Ca < Mg < P < K < N as reported foost crops (Motsara and Roy,
2008). Comparatively, foliar nutrient concentrasaf P have been reported to be lowest
in species naturally found in wet evergreen foreste of Ghana (Veenendztlal, 1996).

In contrast, foliar Ca was significantly. & 0.05) lower for Nkrankrom (1900.00 ppm)
than Benda (2166.70 ppm) which was similar to BeN&wanta (2000.00 ppm) (Table

3.5).

The levels of N, P, K, Ca, Mg ifi. daniellii foliage are within the optimal range of
nutrients in plants (Motsara and Roy, 2008) andsipbg depict the efficiency of uptake
of these nutrients by. daniellii. The result obtained is inconsistent with simgardies
conducted on other plants. In South-western Auafra survey on selected nutrient
concentration in the shoots of plants was repairteithe order: N > K > Ca > Mg > P
(Foulds, 1993). Among orchards, foliar nutrientsrdased in the order: N > Ca > K > P
> Mg > K (Zatylny and ST-Pierre, 2006). Similarhstudies on mean foliar
macronutrients ofQuercus roburfrom two different sites followed a sequence ie th

order of magnitude: N > K > Ca > P > Mg (DI"az-Maret al, 2009).
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Table 3.5. Selected foliar nutrientsTafdaniellii stands from three sites

Sites

Nutrients (ppm) DF Fvalue Pr-value Nkrankrom BendaBenda Nkwanta Mean
N 2 2.72  0.1442° 21933.00 28367.00 23567.00 24622
(1166.70) (2992.49) (1419.35) (2867.1)

P 2 0.17 0.8508 1733.30 1666.70 1733.30 1711.1
(66.67) (33.33) (145.30) (133.33)

K 2 3.95 0.0805% 5166.70 5300.00 6933.30 5800
(819.24) (152.75) (202.76) (700.26)

Ca 2 4.90 0.0548* 1900.60 2166.76 2000.00* 2022.2
(0.00) (33.33) (100.00) (86.07)

Mg 2 0.75 0.511% 2666.70 2666.70 2300.00 2544.4
(222.78) (284.81) (152.76) (345.34)

Significant at 0.05 probability level; not significant at 0.05 probability level
Means with different superscript alphabets in a aversignificantly differento(= 0.05) using Tukey's mean separation technique

Parenthesised numbers represent standard errorsawfs
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Variations in results obtained from these studiesict be attributed to factors such as
site/soil conditions, differences in species reguients and uptake of specific nutrients as
well as the nature and age of foliage sampled fmalyais. Also, interactions between
some absorbed nutrients influence the concentratiasthers within foliage tissues. For
instance, as K uptake increases Mg uptake decr€aass2003) because the presence of
K in plants affects the translocation of Mg frone tfoots to plant shoots (Mayland and

Wilkinson, 1989).

Consistently high N values, 28367.00 ppm for Ber@®567.00 ppm for Benda Nkwanta
and 21933.00 ppm for Nkrankrom as compared to othérients were observed.
Thaumatin is a protein sweetener and the high cdaraeteon of N in the foliage oT.

daniellii could be an indicator of the significant role thaplays in thaumatin synthesis

3.3.6.4 Correlation between selected soil and foliautrients

Linear regressions (Table 3.6) of soil and foligrM K, Ca, and Mg of. daniellii sites
revealed no significant correlation between soimd foliar N (R = 0.091, P = 0.431).
There was also no significant correlation betweeailable soil P and foliar P fR=
0.030, P = 0.653).ack of a correlation between soil and foliar N &dcould probably
be attributed to buffering between soil nutrienp@y and foliar nutrient concentrations
by belowground nutrient storage in plants and e af organic N by plants (Bowmanh
al., 2003). Also, no significant correlation was fdubhetween exchangeable soil and
foliar K (R= 0.20, P = 0.226). Similarly, no significanti®0.12, P = 0.361) correlation

existed between exchangeable soil and foliar Mdplg'a.6).
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Table 3.6. Linear relationship between selecteldeswl foliar N, P, K, Ca, Mg fron.

daniellii sites

Nutrient

Pearson correlation
coefficient(r)

Coefficient of
determination (B

Standard errors  Probability

Soil N(ppm) / Foliar N(ppm)

Available P(ppm) / Foliar P(ppm)

Soil K(ppm) / Foliar K(ppm)

Soil Ca(ppm) / Foliar Ca(ppm)

Soil Mg(ppm) / Foliar Mg(ppm)

values
4413.45 0.637
152.94 653"
1080.14 0.226
112.7 68.03
410.72 Q%6

* significant correlation at 0.05 probability leyef-not significant correlation at (P < 0.05)
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Figure 4. Linear relationship between soil exchabigeand foliar calcium concentration
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In contrast, there was a significant?(®0.49, P = 0.035) positive correlation between
exchangeable soil and foliar Ca (Table 3.6 andréig). Foliar Ca and Mg levels have
been identified to be dependent on their corresipgndevels in soil than foliar K

(Ouimetet al, 1995). The result of this study corroboratesorepof consistent positive

correlation between soil Ca and plant Ca (Cummidg89). This could be due to the
immobility of Ca in plant cells once they are fixadd causes it to accumulate over time.
This could account for the significant positive redation reported between soil Ca and

foliar Ca (R = 0.493, P = 0.035) dF. daniellii sites (Table 3.6 and Figure 4).

Some studies that attempt to relate soil nutrierfiotiage nutrients reported varied and
inconsistent results. There was no relationshipvben topsoil and foliar N, P, K, Ca and
Mg in Quercus roburforests ([iaz-Marotoet al, 2009). On the other hand, a significant
positive correlation for K and P was obtained bemvéoliage and soil nutrients in red
spruce (Fernandez and Struchtemeyer, 1984). Algojfisant relationships between
foliar and 0 — 10 cm layer soil N, P, K, Ca and NMaye been reported amoRgradiata
(Davis et al, 2007). Both between and within species, nutrgifferences have been
attributed to the available concentrations in taing medium. However, there is often a
great variation within species of concentrationsnafrients in relation to age, season
and/or climatic gradients, soil type and nutrienddjents (Foulds, 1993). This could

account for the inconsistent and varied reportsémh studies.

Several factors operate to expedite or retard ¢hease of nutrients to plantsutrient

uptake for instance is influenced by a phenomerated nutrient “antagonisms” in
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which some soil nutrients inhibit the uptake of sowations by plants (Brady, 1990;
Osaki et al, 2003). Hence, the lack of significant correlattetween soil and foliar N, P,

K, Mg reported in this study could also be attrduito the above phenomenon.

Significant negative correlations have been repokietween the concentrations of the
major divalent cations Ca and Mg and K in the fpdiaf red spruce suggesting a possible
antagonism between the mono- and divalent cationsiptake from the soil. Thus K
uptake by plants could therefore be limited by Hegels of Ca in some soils. Likewise,
high K levels could limit the uptake of Mg even whsignificant quantities of Mg are

present in the soil (Fernandez and Struchteme984;1Brady, 1990).

Furthermore, the uptake of cations by plants i alfluenced by its percentage
saturation on the exchange complex. A high pergensaturation of a particular cation
facilitates its easy and rapid displacement (Brd@@0). In this study, soil Ca constituted
more than half of exchange complexes: 54% at Nkmank 77.95% at Benda and
58.45% at Benda Nkwanta and could have contributedhe significant positive

correlation between soil and foliar Ca. For exampéel spruce trees with the highest
foliage concentrations of Ca were also noted togb®wing on soils which were

producing the best growth rates (Fernandez anal8&meyer, 1984).

3.4 Conclusions

The first objective of this study was to determihe distribution, major sources and

constraints to fruit supply to the thaumatin indystoutside forest reserves.
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At the end, it was revealed that fruits suppliedhite thaumatin extraction plant were
predominantly supplied from seven communities witiAiowin-Suaman and Wassa

Amenfi West districts of the Western Region. Thenowunities were Benda, Benda
Nkwanta, Kokoase, Amoaku, Hiamatu, Samreboi andréygp. This indicates that fruit

collection is not a very popular activity despite tavailability of ready market as well as
its potential to provide alternative household mes. The long duration and distances
covered during fruit collection due to reductionniatural stands are major constraints to
fruit collection and supply. Other constraints ud® high cost of transporting fruits to

receiving station, decaying of fruits after few daf collection and the high incidence of
animal/insect attacks on collectors. Therefore,abtinuous reduction in the number of

individuals who supply fruits over the years cob&attributed to these constraints.

The second objective was to determine the levdl.afaniellii cultivation, conservation

and the potential for cultivation. It was found tththere was no conservation and
cultivation or integration ofT. daniellii into farming systems in all the communities
previously or currently involved in fruits supplyn addition to the keen interest
expressed by farmers, a guarantee of good priedyrmarket, supply of seedlings and
provision of agronomic information were identifie$ some fundamental factors that
could enhance future cultivation or integratiorointher land uses. The lack of efforts at
conservation or cultivation of. daniellii in fruit supplying communities cast a doubt

about future sustainable fruit supply from the vakldemand for thaumatin increases.
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In terms of soil/site conditions that support natstands ofT. daniellii, soil chemical
(pH, N, P, K, Ca, Mg, TBS, ECEC, organic mattegasric carbon) and physical (texture)
properties significantly differed among sites excémr Na and bulk density. Soils
supportingT. daniellii stands studied were mainly silt loam or sandy losith bulk
density values within the reported range for masissof 1.0 — 2.0 gcl. ThoughT.
daniellii thrived on acidic soils, foliar N, P, K, Ca, Mg naentrations were within
acceptable levels and possibly depicts the effayienf nutrient uptake. Thereford.
daniellii can be said to be adaptive and can grow at diffesites with varied chemical

properties but desirable physical properties.

3.5 Recommendations

One major limitation to the study outcome on siaditions is its restriction to just three
sites. This makes it difficult to make a firm camgbon with respect to site parameters for
extrapolation to other sites supportifig daniellii stands. It is therefore recommended
that further studies be carried out on other stggporting the growth of. daniellii to

assist in obtaining comprehensive information de specific conditions that support

optimum growth and fruit yields af. daniellii.
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Chapter 4

4.0 EFFECT OF FOLIAGE HARVESTING ON THE GROWTH AND YIELD OF

Thaumatococcus daniédllii
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Summary

This experiment was conducted at Oda-Kotoamso (N3, W 002° 29]) in the
Western Region of Ghana. The objectives were terdehe foliage harvesting effects on
T. daniellii fruit yield (number and weight) over 64 weekswi production over 12
weeks and specific leaf area at week 64. The patentomes that could be obtained
from leaf and fruit collection were also determin@drandomized complete block design
with three harvest treatments plus a control wadu3reatments involved harvesting
petioles with leaves and maintaining a specifiedytation per plot at 16 weeks interval.
The percentage foliage harvest treatments werehaweesting (Control), 25%, 50% and
75%. This study revealed that foliage harvest §igamtly (P < 0.001) influenced
flowering. Mean number of flowers of the harvestells were: Control - 18 > 25%6 >
50% - 1= 75% - 0. Foliage harvest also significantly inflaed fruit number. No harvest
treatment produced significantly high number oitgy11458/ha) compared to 8958/ha
for 25%, 4792/ha for 50% and 4583/ha for 75% hdedesreatment. Total fruit weight
was not influenced by foliage harvest and rangetivden 59.7 - 127.9 kg/ha. No
significant differences in specific leaf area wetg#ainedat week 64 for all treatments.
Specific leaf area ranged between 143.87 ‘gm' and 148.93 cnfg ™. This could
indicate a high compensatory growth Taf daniellii in response to foliage harvest. For
both fruit and leaf collection, the highest totatome was GH ¢ 24411.36 for 50%
followed by GH ¢ 17480.40 for 75%, GH ¢ 15640.3826% harvest treatment and GH
¢ 153.48 for the no harvest treatment. The resulggest that managementTofdaniellii

for both leaf and fruit collection could be morenbécial than for sole fruit collection.
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4.1 Introduction

The gregarious nature ®haumatococcus daniellieads to the formation of dense stands
that form closed canopy beneath the forest flobrs Tould lower light penetration to the
base of the plant where flowers are borne and eeduat yield. Thaumatococcus
daniellii is known to bear about 10 - 12 flowers with onlgr#d rarely 3 - 4 maturing to
form fruits and that the role of light regimes lovering is not known (Yeboaét al.,
2003). It has therefore been proposed that oneofayanipulating light penetration to
improve yield of T. daniellii stands is through cautious harvesting of ‘extesves.
Studies on orchards have shown that harvesting masired leaves can increase yield.
This is because extra leaf area does not necegssesillt in an increase in productivity
and that old leaves are less efficient in photdsgsis. Therefore, by removing these

leaves, new and more efficient leaves can grow i§Riay 1993).

Thaumatococcus daniellian be exploited for its foliage and fresh frue@wever, it has
been suggested that foliage removal impacts negaton growth and fruiting without
enough scientific information on the extent to whioliage harvesting affect fruit yields.
Studies have shown that plants may partially, fafyovercompensate for tissue loss.
However, the mechanisms underlying compensationnatewell understood and still
need to be researched (Faegal, 2006). Also, metabolic growth and reproductive
responses to simulated herbivory can be much diffefrom the response to natural

herbivory (Baldwin 1990 cited by Schierenbetlal 1994).
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To date, little is known about hoW. daniellii foliage harvesting can affect its growth,
flowering and fruiting. Economically, scant infortrom is available on the potential
income that could be obtained from exploitifgdaniellii for its foliage and fruits. The
study aimed to develop an appropriate managemeatttipe that could ensure the
derivation of multiple products frori. daniellii such as leaves for domestic sale or as

fodder for farm animals without adverse effectdrait production.

Specifically, the study determined the effect oligige harvesting on flowering, fruit
yield (number and weight) and specific leaf arele Ppotential incomes that could be
obtained from leaf and fruit collection were alssteimined. The study hypotheses were
that controlled foliage harvests would neither mélowering, fruit yield nor stimulate
compensatory growth with respect to specific leedaaof T. danielli. It was also
hypothesized that managementTof daniellii stands for both leaf and fruit collection

could be more profitable than for sole fruit cotlen.

4.2. Materials and Methods

4.2.1 Site description

The experiment was carried out at Oda-Kotoamso $N 321, W 002° 29]) a town
located at about 10 km North of Asankragua, thé&ridiscapital of Wassa-Amenfi West
in the Western Region of Ghana under a mixed stdiricke plantation. The area lies in
the hot humid tropical rain forest zone with anwadrrainfall between 1400 — 2000 mm.
There are two distinct rainy seasons from Aprididy and from September to November.

The highest rainfall is recorded in June and Juhere is a short period of dry season
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from December to March. A dry easterly wind, thentddtan blows in January and
February. The average annual temperature is 26P€. plantation consists of several
species includindgentandrophragma angolens€eibaspp Miliacia excelsa Terminalia
superba Khaya ivorensisKhaya senegalensiand Antrocaryon micrasterThe crown
diameter of the stand ranged from 2.0 m — 17.0 eo,Adiameter at breast height and

plant height ranged from 0.12 m — 0.45 m and 17-05@.0 m respectively.

4.2.2 Experimental design

Plots of dimension 3 m x 4 m (12%were laid in 6 year old established standd of

daniellii under the mixed stand of trees in November, 2008. experimental set up was
a randomized complete block design with three hsrtreatments plus a control. There
were four treatment blocks. Plots were thinned nifoum petiole population of 142

before the treatments were imposed. Treatmentdvesddarvesting petioles with leaves
and maintaining a specified population per plot outl42 at 16 weeks interval for 64
weeks. The percentage foliage harvest treatmertts twe remaining population after

harvest were: 1= No harvesting, 7= 25% (106), = 50% (71) and 7= 75% (36).

4.2.3 Data collection

Data was collected on fresh weight of harvestedolest with leaves out of the 142

petioles, fruit number and fruit fresh weight fraovember, 2009 — February, 2011 (64
weeks) at 16 weeks interval. Number of flowerstpestment plot was monitored over 12
weeks from November, 2010 to February, 2011 betweeeks 48 and 64 at 3 weeks

interval.
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For specific leaf area (SLA) determination, 10 amily sized leaves were harvested
from each plot at week 64. The leaf area of eaah Wwas determined using the ADC
BioScientific Leaf Area Meter. The leaves were tlozen dried at 60 °C for dry weight
determination. Average leaf area and dry weight tpeatment were then calculated.

Specific leaf area was calculated using the fornf@lannet al, 1999) below:

Specific Leaf Area (SLA) = Average leaf area tgm Egn. 4.1
Average leaf dry weight (g)

4.2.4 Data analyses
Data obtained on total fruit number and fruit frestight per plot over 64 weeks was

converted to per hectare and subjected to anabysiariance. Total number of flowers
over 12 weeks and specific leaf area at week 64 \webjected to analysis of variance.
All analyses and mean comparisons were done wigh atlal of statistical software
package, Statistix 8 (United States Department gfichlture / Natural Resources
Conservation Service, 2007). Also, total fresh éeaeight and fruit fresh weight as well
as estimated incomes that could be obtained wbrdati@d. Percentage reduction in fruit

yield was calculated using the formula below

Percentage fruit yield reduction = 100% - [Total fruit yield for harvest treatment x 100]  gqn 4.2
[Total fruit vield for control]
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4.3 Results and discussion

4.3.1 Flower production

Foliage harvest had significant (P < 0.001) effect flowering over 12 weeks.
Significantly @ = 0.05) higher number of flowers, 18 was produéed no harvest
treatment compared to 6 for 25%, 1 for 50% and 07t harvest treatments (Table
4.3). Flower production decreased over time fronvédober - February (Figure 4.1).
This could indicate that flowering peaks in the dgason and decreases towards the
onset of the rainy season. Responses to herbivargase with increase frequency of
defoliation and the removal &frimula verisleaves resulted in a decrease in flowering for
2 years (Whigham and Chapa, 1999). In this stuide, dontrol treatment consistently
produced flowers over the 12 weeks and no treatrsi@amd recorded consistent flower

production.

Similarly, a study ofTipularia discolorshowed that 100% and 50% leaf removal resulted
in a cessation of flowering within 1 year, a pragige decline in below-ground biomass,
and increased mortality (Whigham, 1990 cited by gilam and Chapa, 1999). This
study reveals that 75% foliage harvesting resultedo flower production over the 12
weeks (Figure 4.1). Even though flowering was oles@rfor 25% (6) and 50% (1)
foliage harvest, fruit set was zero. This coulddoe to high rate of abscission among
young flowers, limited pollination or limited nuémts during the dry season (November —

February) (Pandey and Sinha, 2006) on such stands.
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Table 4.3 Effect of foliage harvest on floweringeo\12 weeks

"Treatment means

Parameter DF F value Pr-values Control (Ty) 25% (Ty) 50% (Ts) 75% (T,) Mean
Number of flowers 3 24.04  0.000%** 18 6° 1° o° 6
(8.87) (1.58) (0.76) (0.00) (2.15)

*** Significant at 0.001 probability levels
Numbers in a row with different alphabets are digantly different atx = 0.05," Values compared are to the nearest whole number
Parenthesized numbers represent standard errorsasfs
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Figure 4.1 Pattern of flowering rom week 51 - B@asponse to foliage harvesting
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4.3.2 Effects of foliage harvest on total fruit nurber and weight

Foliage harvest significantly (P < 0.05) influendedit number over 64 weeks (Table
4.4). No harvest treatment significantty € 0.05) produced the highest number of fruits
(11458/ha). Fruit numbers, 11458/ha for no hanasd 8958/ha for 25 % harvest
treatment were similar but were significantty< 0.05) higher than 4792/ha for 50 % and
4583/ha for 75 % harvest treatment (Figure 4.2nttastingly, foliage harvest revealed
no significant (P > 0.05) effect on total fruit \ygbi over 64 weeks (Table 4.3). Mean fruit
weight of the various harvest levels were 127.9Mh&dor no harvest, 86.65 kg/ha for

25%, 63.91 kg/ha for 50% and 59.72 kg/ha for 75%dw® treatments.

Generally, as foliage harvest intensity increasedt number reduced (Figure 4.1). A
report indicated that plants stressed by defoliatinay react by decreasing seed
production (Lee and Bazzaz, 1980). As such, seabowveground biomass damage of
ruderal hertBarbarea vulgarisresulted in seed number decline with increasirvgrsgy

of injury (Martinkovaet al, 2008). However, a study dbaragana korshinskireported
compensation for fruit production after above-gryartial shoot removal resulted in
increased fruit set, decreased fruit abortion,eased seed number per pod and higher
individual seed biomass. These responses werevachi®/ (1) drawing upon more non-
structural carbohydrate from roots to supply floveerd development and the flush of
new foliage; (2) supplying more photosynthetic réilsition to fruit development owing

to increases in leaf-level photosynthetic ratesni¢fed al., 2006).
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Table 4.4 Effect of foliage harvest on total froitmber and total fruit weight over 64 weeks

Parameter Degree of Freedom  F value Pr-value Mean Coefficient of Variation
Fruit number / ha 3 4.42 0.036* 7447.80 42.78
(2252.9)
Fruit weight (Kg / ha) 3 2.15 0.163% 84.55 50.34
(30.10)

*Significant at 0.05 probability level; Not significant at 0.05 probability level
Numbers in parenthesis represent standard erroneains
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Figure 4.2 Effect of foliage harvest on total fruimber over 64 weeks
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Foliage harvest could enhance light penetrationthi® base ofT. daniellii stands.
However, this reduces leaf area (Hay and Walke®21@nd could cause a decline in
photosynthate production. With the exception of toatrol treatment, 25%, 50% and
75% foliage harvest treatments experienced rapddihg of matured leaves whiles new
ones developed. However, newly expanded leaves e@mwith older leaves for solar
radiation, mineral nutrients and assimilate suct tbaves begin to senesce in sequence
according to age (Hay and Walker, 1992). Such yoleages, possibly, invest more
resources into vegetative growth to the detriméritust production on harvested stands.
Thus, the apparent availability of enough maturelthe on control treatments could
have facilitated the capture of light for synthesmnsl photosynthate accumulation needed
for fruiting. This could explain why control stansignificantly produced more fruits than

harvested stands.

Harvesting of leaves may have a negligible effetteaploited plant population if: (i)
individual plants are not killed in the process) & sufficient number of healthy leaves
are left on each plant for photosynthesis; (iig teproductive structures and apical buds
are not damaged, and (iv) sufficient time is alldvietween successive harvests for the
plant to produce new leaves (Ndangaktsal., 2007). Additionally, collecting too many
leaves from an individual can reduce the numbemnes¥ ones, and perhaps flowers and
fruits, produced (Anderson, 1998). Results of 8tisgdy suggest that, though individual
plants were not killed, “high” foliage harvest (50%75%) probably reduced leaf
population to the extent that only few matured é&savemained for photosynthesis.

Furthermore, the harvesting could have caused sxgendamage to reproductive
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structures for fruit production. In a related studiyjury significantly affected seed
production and also the life cycle Blarbarea vulgaris.Seed production was lower in

injured plants than in intact plants (Martinkataal,, 2008).

Foliage harvesting had no significant effect onitfmueight though fruit number was
significantly affected. This could imply that thdugontrol plots produced more fruits,
the sizes of fruits could have been smaller thdreroharvested treatments. A related
study of harvest regimes on five varieties of sumsggiashCucurbita pepd..) reported
significant influences on fruit size. One varietypguced bigger fruits in the rainy season
when leaves were harvested compared to no leakstar¥his was attributed to high
disease incidence in the rainy season resultifis@ased older leaves in the ‘no harvest’
compared with several new leaves that emergedarnileaf harvest,” which might have
photosynthesized more efficiently than older disddsaves (Yeboadt al, 2010). FoiT.
daniellii, possible differences in fruit sizes could be twéncreased demand to support
varied populations. Hence, no harvest treatmenadufition to fruiting, could have also

channelled more resources to support physiologici@lities of large populations.

4.3.3 Specific leaf area

Foliage harvest revealed no significant (P < 0@%erences in treatment means with
respect to specific leaf area (SLA) at week 64. Mspecific leaf area ranged between
143.87 cnfg " and 148.93 crig ™ (Table 4.5). Similarly, a study conducted on saler
plant species revealed no significant differenceSLA between recently matured leaves

and older leaves (Poorter and De Jong, 1999).
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Table 4.5 Effect of foliage harvest on specifid lagea at week 64

Treatment means

DF Fvalue P-values Control 25% (T;) 50% (T3) 75% (T;) Mean

Parameter
(Ty)

Specific leaf area 3 0.86 0.498°  143.9% 144.4° 148.9° 1485  146.4
(cm?g™ (1.95) (3.17) (3.39) (1.45) (4.09)

"* not significant at 0.05 probability level
"Numbers in a row with different alphabets are digantly different at. = 0.05
Parenthesized numbers represent standard errorsasfs
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Specific leaf area is the light-catching area dggpib per unit of previously
photosynthesized dry mass allocated and is a noajaributor to resource capture, usage
and availability (Vendraminet al, 2002). The partitioning of transport carbohydrat
storage carbohydrate and structural carbon betwednwithin different leaves gives a
basis for understanding changes in leaf weight lzenite SLA of plants (Gunet al,
1999). Hence, decrease in SLA has been associattedyngater allocation of biomass to

structural components of the leaf rather than n@i@loomponents (Reicét al, 1998).

Specific leaf area also reflects expected returpraviously captured resources (Wilson
et al, 1999). In line with this, a study dronicera japonicaindicated the allocation of
more carbon to secondary leaves and stems dudimmited herbivory. Therefore, total
biomass accumulation and greater allocation todeand stems indicate a compensatory
response byLonicera japonica Thus, plants usually compensate for defoliatign b
replacing leaf tissue, and changing intrinsic bisgnallocation patterns (Schierenbetk
al. 1994). In a study on the response of two grassiep to a gradient of defoliation
intensities, from 0 to 100% aboveground biomassor&h plants showed the same
aboveground growth regardless of defoliation intgndue to stimulation of relative
growth rate by defoliation. Aboveground compensatoesponses represent a key
feedback process resulting in constant abovegrauoath regardless of defoliation

intensity (Oesterheld, 1992).

Therefore, lack of significant differences amongvieat and no harvest treatments in
specific leaf area of. daniellii could suggest that harvested stands possibly isappl

more photosynthate to leaf development owing taeteses in leaf-level photosynthetic
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rates whereas control treatments possibly invast@doducing more flowers, fruits and
below ground storage. Thus significantly higher bemof flowers and fruits were

obtained for no harvest treatments than harvestathtents.

However, the development and contribution of nevetpsynthetic active leaves on
harvest stands aided in channelling more photosyatinto relatively low number of
flowers produced. As a result, fruits produced @mvasted stands could be larger or
heavier than those for no harvest stands. Thisdcaatount for the lack of significant

differences in total fruit weight between harvesa@d no harvested stands.

4.3.4 Potential incomes from leave and fruit harves

Fruit income

The potential income that could be generated freaweé and fruit harvest over 64 weeks
is presented in Table 4.6. Incomes from fruits éased with reduced foliage harvest
intensity. Compared to the control, there was &%2reduction in fruit yield for 25%
foliage harvest, 50.0% reduction for 50% harvest 28.3% reduction for 75% harvest.

In some varieties of summer squastugurbita pepd..), 2% — 45% reductions in fruit
yield for ‘no leaf harvest’ and ‘leaf harvest’ ttegents was similarly reported. For this
study, no harvest stands Bf daniellii gave the highest fruit income of GH ¢ 153.48 but
decreased to GH ¢ 103.98 for 25% and GH ¢ 76.68086 harvests. The lowest income

of GH ¢ 71.66 was obtained at 75% harvest (Taldg 4.
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Table 4.6 Estimated incomes from fruit and leauwwéwst of T. daniellii stands over 64 weeks

Treatments  Total fruits  Fruitincome @ GH Total harvested leaf (Kg/ Leaf income @ GH ¢ "Total income

(Kg/ha) ¢0.3/Kg ha) 0.55/0.694 Kg GH ¢/ ha
Control 511.60 153.48 0 0 153.48
25% 346.62 103.98 19,982.53 15,536.35  15,640.33
50% 255.64 76.69 31,298.75 24,334.67 24,411.36
75% 238.86 71.66 22,390.77 17,408.74 17,480.40

Total income = Fruit income + leaf income, @t=
GH ¢ = Ghana cedi, Kg / ha = Kilogram per hectare
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Leaf income

While no income was generated for control standsfteaf harvest, the highest leaf
income of GH ¢ 24,334.67 was obtained for 50% reinaver the 64 weeks. This
suggests that 50% leaf harvest of stands couldulffecisnt to sustain enough leaf
production over an extended period of time. Leabme from 75% harvest stands, GH ¢
17,408.4, was higher than GH ¢ 15,536.35 from 2%%vdst treatments. However, 75%
harvesting was detrimental to fruit production aesulted in the lowest income of GH ¢

71.66 for fruit production (Table 4.6).

Total income

The highest total income was GH ¢ 24,411.36 for S@f6/est treatment followed by
75% and 25% harvest treatments with incomes of GH480.40 and GH ¢ 15,640.33
respectively. The lowest total income, GH ¢ 153m# obtained for the control due to
lack of supplementary income from leaf harvestiighie 4.6). The results suggest that
management of . daniellii for both leaf and fruit collection could be momromically
beneficial than for sole fruit collection. This lecause incomes that accrue from leaf

harvest could compensate for incomes lost duedwcteons in fruit yield.

4.4 Conclusions
This study was conducted dn danielliito determine the effect of foliage harvesting on

flowering over 12 weeks, fruit yield (number andigie) over 64 weeks and specific leaf
area at week 64. The study also determined thenpaténcomes that could be obtained

from leave and fruit collection.
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It was found that foliage harvest significantly lugnced flowering. Mean number of
flowers of the different harvest levels were: Novest - 18 > 25% 6> 50% - 1= 75% -

0. Thus, the hypothesis that foliage harvest doésffiect flowering was rejected.

Foliage harvest also significantly influenced fraiimber. No harvest stands produced
significantly high number of fruits (11458/ha) coaned to 8958/ha for 25%, 4792/ha for
50% and 4583/ha for 75% harvested stands. Theraf@dypothesis that foliage harvest

does not affect fruit number was rejected.

Total fruit weight was not influenced by foliagerxast. Mean fruit weights of the
various harvest levels per hectare ranged 59.77-:91Rg. Hence, the hypothesis that

foliage harvest does not affect fruit weight wasegoted.

No significant differences in specific leaf areareveobtainedat week 64 for all
treatments. Mean specific leaf area ranged betwd8r87 cnfg ™* and 148.93 crig ™.
This could indicate a high compensatory growthTofdaniellii in response to foliage
harvest. Therefore, hypothesis that foliage harviss not stimulate compensatory

growth was rejected.

For both fruit and leaf collection, the highestatdhcome was GH ¢ 24411.36 for 50%
followed by GH ¢ 17480.40 for 75% and GH ¢ 15640@35% harvest treatments. The
lowest total income, GH ¢ 153.48, was obtained tiloe control due to lack of
supplementary income from leaf harvesting. Theltesuggest that managementTof
daniellii for both leaf and fruit collection could be morenieficial than for sole fruit

collection.
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4.5 Recommendations

This study tested the effects of three foliage asirVevels (25%, 50% and 75%) plus no
harvest on the growth and yield ©f danielli. Currently, information on other harvest
levels and their effects oii. daniellii growth and fruit yield are unavailable. 1t is

therefore recommended that further studies be adadwsing different harvesting rates.

A major limitation to the study is that income paciions are gross estimates based on the
assumption of a ready market for both leaves anitsfr It does not take into
consideration losses incurred through rejectiorotien fruit by buyers, drying of foliage
as well as transportation costs. These, among otcenomic factors, when duly
considered in a study can help ascertain the agiatntial incomes that could be

obtained through the exploitation ©f daniellii fruits and leaves.
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Chapter 5

5.0 EFFECT OF SHADE AND SPACING ON THE GROWTH PERFORMANCE

OF T. daniellii INTERPLANTED IN TREE STANDS
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Summary

This experiment was conducted at the FRNR resetaoch (06° 41'N, 01° 37'W),
Kumasi, Ghana to determine spacing and shade f@csurvival, lamina length, lamina
width, petiole length and number of tillers Df daniellii over 40 weeks. Research plots
of T. daniellii seedlings were established within standkeafcaena leucocephal&enna
siamea andCarapa proceraA factorial experiment in a completely randomiziskign
with two factors, shade and spacing, was used.ellvere three shade levels provided by
tree standst.eucaena(73%), Senna(86%), Carapa (98%) and four spacing treatments:
0.75m x 0.75 m (VHD), 1.0 m x 0.75 m (HD), 1.0 10 m (MD), 1.25 m x 1.25 m
(LD). Shade significantly (P < 0.001) influencedsual, leaf sizes (lamina widths and
lengths), petiole length and number of tillers. Kag for survival were 71% for
Leucaena> 60% forSenna> 20% for Carapa Leaf sizes were also larger for 73%
(width-17.6 cm, length-27.1 cm) than 86% (width9®sm, length-25.2 cm) and 98%
(width-11.4 cm, length-18.0 cm) shade levels. Sanyl significantly longer petioles,
43.6 cm, were obtained for 73% shade compared ® &8 for 86% and 20.4 cm for
98% shade levels. Tillering decreased with incréat®de and were 13 for 73%, 10 for
86% and 1 for 98% shade levels. Also, spacing Bagmitly influenced leaf sizes and
petiole lengths but had no significant effect orvaial and tiller production at week 40.
Leaf sizes were (width-15.4 cm, length-24.3 cm) K@, (width-15.5 cm, length-23.2
cm) for VHD, (width-14.9 cm, length-23.8 cm) for Hahd (width-14.0 cm, length-22.5
cm) for MD. Petiole lengths were 37.1 cm for VHE8%.7 cm for LD= 33.4 cm for MD

= 32.8 cm for HD spacing. These results suggest hingtt (98%) shading can be
detrimental to the establishmentTfdaniellii under tree stands and significantly reduce

survival, tiller production and growth of plantegesllings regardless of the spacing.
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5.1 Introduction

Several Agroforestry systems involve the growingaaiody perennial and non-woody
herbaceous plants on the same land unit at the saraesuch that the components share
environmental resources including light. Light isr@jor morphogenic modifier which
affects plant establishment, growth and developn{ehixley, 1996; Poorter, 2001).
Variation in morphological traits and photosynthepotentials associated with light
conditions can determine whole-plant functi@tephenst al, 2009). Therefore, there
are ways in which woody and non-woody plants caarb@nged spatially, and in various
proportions, so as to incorporate both differeminphg densities and different levels of

intimacy between the various plant components irofggestry systems (Huxley, 1996).

At the management level, plant growth and developnrmeluding the period of growth,
flowering and fruiting pattern are directly affedtby density or spacing (Ozer, 2003).
Thaumatococcus daniellstands easily spread and close canopy which mayeipre
enough light from penetrating to the base of tlapihere flowers and fruits are borne.
Plant spacing influences stand closure. This ulégadetermines plant density which is
highly associated with yield potential and optimplant density per unit area needed to
determine maximum plant productivity. Additionallglant yield is a function of inter
and intra plant competition and there is considerazope for increasing yield by

adjusting plant population to an optimum level (Gihasekaraet al, 2007).

Current plantations of. daniellii in the Western Region have been established at a
recommended spacing of 0.75 m x 0.75 m. Howevewr, s$eientific studies have

investigated how varied shading and spacing affieet growth ofT. daniellii when
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interplanted in tree based systems. This rese#udiesl how the survival, lamina length,
lamina width, petiole length and tillering @t daniellii was influenced by shading and
spacing under stands béucaena leucocephala, Senna siarapdCarapa proceraThe
hypotheses of the study were that survival, laniemath, lamina width, petiole length
and tillering of T. daniellii were not dependent on shade and spacing conditithi

stands ot.. leucocephala, S. siameadC. procera

5.2. Materials and Methods

5.2.1 Site description

The research was conducted at the Faculty of Rdrewdatural Resources (FRNR)
research farm, Kumasi, Ghana. The study area ktwden longitude 06° 41’'N and
latitude 01° 37'W with an altitude of 278 m abowadevel. The area lies within the
moist semi-deciduous forest zone of Ghana. The gbeav soil type is the Forest
Ochrosols (Ferric Acrisol — FAO, 1976) and belotmshe Asuansi series which belongs
to the Bomso / Nta-Offin association (Adu and Asain1992). Rainfall is bimodal with
peaks in June and October separated by a distingteiod from December to February.
The mean annual rainfall ranges between 1,300 &®@DImm. The temperature ranges
from 22° to 31°C with an average of 26 °C. Site atajon was an open canopy
secondary forest consisting of semi-deciduous &ee shrub species of theeltis
Triplochiton association (Hall and Swaine, 1981). Previous laed was small scale
agriculture with very short fallows or continuousogping of maize, cassava and

plantains.
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Tree stands

Carapastand was established in 1986 at a spacing oP&5mm. Current tree height and
diameter ranged between 6.3 — 33.3 m and 6.3 — dh3respectively. Since its
establishment, no harvesting has been dbeacaena leucocephaland Sennasiamea
stands spaced at 1 m x 2 m and 2 m x 2 m, respbctiere established in April 1988.
Both stands were first harvested in 199€ucaenandSennastands which cover 0.26 ha
and 0.14 ha respectively were subsequently coppic&@92 after which sections of the
stands were harvested in 1993 and 1994 for cubivaffThese stands were further
coppiced in 1995. The stem diameter rangeLfucaenawas 4.8 — 11.0 cm and 8.1 —
18.1 cm forSennaHeight ranged between 9.7 — 15.6 mlfeucaenaand 22.2 — 28.3 m

for Senna

5.2.2 Experimental design

Research plots of dimension 4 m x 4 m (1% were established on ®%eptember, 2008
within stands ol.eucaena leucocephal&ennasiamea andarapa proceraT. daniellii
seedlings were obtained from established standSaatartex Timber and Plywood
Company in the Western Region of Ghana. The experiah set up was a factorial in a
completely randomized design with two factors (€ha@ind spacing) and three
replications (3 x 4 x 3). There were three levélstamde: 73%, 86% and 98% provided
by Leucaena Sennaand Carapa stands respectively. The four spacing treatmerts w
their respective plant populations were: Very higmsity (VHD)= 0.75 m x 0.75 m or
22,500/ha, High density (HR)1.0 m x 0.75 m or 18,750/ha, Medium density (M2)0

m x 1.0 m or 15,625/ha and Low density (LO).25 m x 1.25 m or 10,000/ha.
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5.2.3 Data collection and analytical methods

Climatic data and shade percentages

Mean monthly rainfall, temperature and relative idity data of study site during study
period were obtained from the meteorological statad the Faculty of Agriculture,
KNUST. lllumination for each stand was measuredeat different locations using the
Extech light meter on"®January, 2009. Average light measurement was ¢htelated
for each stand. Total sun illumination was deteediroutside the stands. Percentage
illumination within stands was then calculated gdiime formula below:

Average illumination within standsx 100 Egn. 5.1
Total sun illumination

The shade percentage was calculated by subtrgmimgntage illumination from 100%.

Plant growth parameters

Data was collected on survival, lamina width, laanlangth, petiole length and number
of tillers at four weeks interval for 40 weeks frdviarch to December, 2009. Survival

was determined per head count of seedlings on glatland subsequently converted to
percentage. Lamina length was measured from tifheobase of the leaf and lamina
width was measured at the widest extent of leaioles were measured from the base of

the plant to the lower pulvinus.

Data obtained was subjected to analysis of variaamgk mean separation done using

Tukey's separation techniques using the statistiaakage SAS (SAS Institute, 2007).
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Analysis was based on mixed — model equation below.

Yik = K +ai + i+ (af)y + Uk + ei Eqn. 5.2
Where

yikisthe (jk)™ observation,

U is the general mean,

a; is the effect of thé" level of factor A (shade),

B is the effect of th@" level of factor B (spacing),

(ap)ijis the (j)th interaction effect of factors A and B,

kis thek" replication effect, and

eijk Is the random error component

Soil chemical properties

Three plots of dimension 1 m x 1 m were randombated within Leucaen&ennaand
Carapastands and three soil sample cores were collettedo depths: 0 — 15 cm and 15
— 30 cm (3 x 3 x 2). Samples of the two soil degtbmn each stand were bulked and
three sub-samples taken for analyses for soil pHP NK, Ca, Mg, organic carbon and
organic matter. Effective cation exchange Capa(i¢EC), total exchangeable bases
(TEB) and percentage base saturation were alsondetd. All analyses were done at
the (CSIR)-Soil Research Institute, Kumasi, Ghdesults of soil chemical properties
were analyzed using a Completely Randomized Dg$idtD) based on the fixed effect

model equation 5.3.
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Yi =W +1itg Eqgn. 5.3
Where

y; is (ij)™ observation,

U is the overall mean,

7 is the I" treatment effect and

&j 1s the random error component

Analysis of variance (ANOVA) and mean comparisonswadone using Tukey’s
separation techniques with the aid of statistic#twsare, Statistix 8 (USDA/NACS,

2007).

5.3. Results and discussion

5.3.1 Climatic conditions of study site

The mean monthly temperature, humidity and rairdgatudy site during data collection
period (March — December, 2009) are presentedguargi5.1. An average temperature of
26.9 °C was recorded over the 40 weeks study pemididimum and maximum
temperatures of 25.2 °© C and 28.1 ° C were recordédigust (Week 20) and March
(Week 4) respectively. Average rainfall of 4.37 mer month was recorded during the
study period (March — December). Minimum and maxmmainfall of 0.6 mm and 12.3
mm were recorded in August (Week 24) and June (WkE®krespectively. Average
relative humidity of 85.9% was recorded over thewkkeks. Minimum and maximum
relative humidity of 81.0% and 90.0% were recordedVay (Week 12) and August

(Week 24) respectively.
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Figure 5.1 Site climatic data (a. Temperature, ddaid/e humidity, c. Rainfall) during study
period.
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5.4 Soil chemical properties

Soil pH, N, P, K, Ca and Mg differed significant{fi? < 0.001) among stands. Also,
effective cation exchange capacity (ECEC) and dogamatter (OM) differed

significantly (P < 0.001) among stands. The soksewery acidic. Generally, Nitrogen
was moderate but OM was high. Phosphorus, K, CaEH#C were low among stands

(Table 5.1).

Soil pH was significantlyo = 0.05) lower under botheucaenaandSennathanCarapa
Nitrogen decreased in the order 0.16 $@nna= 0.14 forLeucaena> 0.09 forCarapa.
Similarly Mg decreased in the order 1.18 féenna= 1.34 for Leucaena> 0.80 for
Carapa A similar trend was obtained for K wher8enna and Leucaena had
comparatively higher levels th&arapa(Table 5.1) Sennasiameathough not a nitrogen
fixing tree, is known to hold large amounts of ogen in its foliage (National
Association of Sciences, 1980) and possibly acsount the lack of significant

difference betweeBennaand nitrogen fixingl.eucaengYoung, 1997) in soil.

Soils underCarapawere however significantly highea & 0.05) in pH, available P and
organic matter than botheucaenaand Senna The pH values were, 4.53 f@arapa>
4.23 forLeucaenas 4.13 forSenna Available P values were 6.41 fGarapa> 3.13 for
Sennas 1.95 forLeucaengTable 5.1). Leguminous species likeucaenarequire large
amounts of phosphorus for growth, nodulation anmogen fixation (Goma, 2003).
Though, Sennais not leguminous, the uptake of P from the soibfien facilitated by
heavy root infection by vesicular arbuscular mybmae (VAM) making P more

available (Habte, 1995) and recycled.
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Table 5.1 Selected soil chemical properties (Ocn80and mean comparisons as influencetldnycaena, Senrend Carapastands

"Mean comparison
Property DF  Fvalues Pr-values CV  Leucaena Senna CarapaMean Rank

pH 2 26.7 0.001*** 1.70 4.23 413 453  4.30 Very Acidic
(0.04) (0.04)  (0.05) (0.05)

N (%) 2 23.4 0.002** 9.93 0f4 016 009  0.13 Moderate
(0.00)  (0.01) (0.06) (0.01)

P (ppm) 2 3061  0.000% 1.89 1.85 313 64F  3.83 Low
(0.01)  (0.07) (0.004) (0.06)

K (me / 100g) 2 176 0.000%** 6.87 015 016 008  0.12 Low
(0.01)  (0.004) (0.004) (0.003)

Ca (me / 100g) 2 164 0.000*** 6.93 330 252 1.00  2.27 Low
(0.01) (0.16) (0.004) (0.13)

Mg (me / 100g) 2 39.3  0.000% 6.92 134 118 080 1.12 -
(0.01)  (0.00) (0.08) (0.06)

ECEC 2 46.6  0.000%* 4.10 543 457 39F 464 Low
(0.08)  (0.17) (0.09) (0.16)

Organic Matter (%) 2 68.7 0.000%*** 5.50 27  2.77 3.90 3.01 High
(0.02) (0.14)  (0.09) (0.14)

** ***sjgnificant at 0.01 and 0.001probability \els

Values with different alphabets differ significantito = 0.05 using Tukey’s standardized range test
Numbers in parenthesis represent standard erroneans,

Rank as determined by Soil Research Institute, Kidaana, - Rank unavailable
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Probably, there could be a high utilization of RPlemnthese stands and possibly accounted
for the significantly ¢ = 0.05) lower P levels under botleucaenaand Sennathan

Carapawhere P was possibly under utilized.

As stands grow, accumulation of organic matterdaases with litterfall increases and
canopy closure. Thus, soil microclimate becomes fagourable for soil organic matter
decomposition (Alriksson and Olsson, 1995). Suad@dmns underCarapacould have
accounted for the significantly highex € 0.05) organic matter (3.9%) thamrucaena

(2.8%) andSenna2.4%) respectively (Table 5.1).

Contrary to the above trend, Ca and ECEC differgdificantly (o« = 0.05) among the
three stands. This study reports soil Calcium 803Jor Leucaena> 2.52 forSenna>
1.00 forCarapa Litter accumulation appeared to be responsibi¢hfe low soil Ca under
Carapaas it remains fixed or immobilized in the plargsties. Similarly, ECEC of 5.43
for Leucaena> 4.57 forSenna> 3.93 forCarapawere obtained (Table 5.1). The general

soil fertility trend under the tree stands i&saucaena Senna> Carapa

5.5 Effects of shade oif. daniellii growth

5.5.1 Survival

The survival ofT. daniellii seedlings in response to the three shading lemeds 40
weeks is presented in Figure 5.2.Shade signifiggRtl< 0.001) influenced survival @t
daniellii seedlings at week 40 (Table 5.2). This complemargtudy that reported that
light significantly affected seedling survival dfeech Fagus sylvatical.) seedlings

(Minotta and Pinzauti, 1996).
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Table 5.2T. daniellii growth parameters in response to shade at week 40

Shade Levels (%)

Parameter DF F-values Pr-values 8Ucaena 86 Senna 98 (Carapad Mean
Survival (%) 2 688.98  0.000*** 70.93 59.97 20.02 50.29
(3.80) (3.20) (1.87) (1.44)
Lamina length (cm) 2 459.22  0.000*** 27.1 25.2 18.0° 23.43
(0.13) (0.35) (0.65) (0.32)
Lamina width (cm) 2 311.72  0.000*** 17.6 15.9 11.4 14.97
(0.13) (0.08) (0.76) (0.26)
Petiole length (cm) 2 389.55  0.000*** 43.6 38.9 20.4 34.24
(0.90) (0.70) (1.39) (0.88)
Number of tillers 2 694.24  0.000*** £3 10° 1° 8
(0.34) (0.33) (0.00) (0.34)

*** gignificant at probability of 0.001

Values with different alphabets differ significanlto = 0.05 using Tukey’s standardized range test

Numbers in parenthesis represent the standarcs@toneans
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Figure 5.2 Survival of . daniellii under three shade levels over 40 weeks

120



After initial decline in seedling survivahfter week 4, a fairly stable survival was
maintained for 73% and 86% shade levels as comptreal continuous decline in
survival under 98% shade over the 40 weeks (FiguPd. As shading reduced;.
daniellii survival increased. Hence, at week 40, survivad W&% forLeucaena> 60%

for Senna> 20% forCarapastands (Table 5.2).

Ninety eight percent (98%) shade un@arapacould have reduced the photosynthetic
ability of T. daniellii seedlings which is often associated with low chylopate levels in
plants. This, together with internal competitionttwelongation spike and stem sinks,
could have accelerated tiller mortality as repoffidwheat (Fraseet al, 1982). High
shade unde€arapa(98%) also reduced litter decomposition and led tild up under
the canopy (Appendix 3a). Slow litter decompositinfiuences the release of nutrients
for plant growth. Litter cover affects tilleringeadling survival and growth by altering
the physical and chemical environment. Abiotic dbads, such as light, temperature
and moisture, are also affected by litter depththWincreasing litter depth, a larger
concentration of nutrients or toxins may be leaciexh litter to soils (Jeffery, 1997) and

possibly contributed to, high attrition amongdaniellii seedlings undeCarapa

Seedlings growing under dense litter mats oftenehhigh mortality rates due to
expending all energy reserves in attempts to pateethe litter. Surviving seedlings
under such conditions are often severely etiolaiecelongated, which can increase
susceptibility to physical damage (Jeffery, 199)rthermore, higher light availability
favour carbon-based defence compounds (e.g. taanishghenols), whereas high shady

conditions favour nitrogen-based defences (e.@laids). This is because fixed carbon is
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in less abundant supply under higher shade conditiMiddleton, 2001). These
conditions possibly led to the development of wksdves amond. daniellii seedlings

under 98% shade making it susceptible to pest ksttac herbivory (Appendix 3b).
Generally, herbivory reduces biomass production plant and increases level of

mortality (Bahmaniget al., 2000).

5.5.2 Lamina width and length

Shade significantly (P < 0.001) influenced lamin@ttv and lamina length at week 40
(Table 5.2). It is clear that both parameters didsignificantly increase over time under
98% shade. However, with the other shade levels asc73%, lamina width and length
increased over time from 9.2 — 17.6 cm and 15.8.2@n respectively. Similarly, lamina
width and lamina length increased over time fro®-8.15.9 cm and 16.3 - 25.2 cm for

86% shade.

Seedlings responses to shade over 40 weeks depigeatlual increase in both lamina
width and lamina length for 73% and 86% shade fewaspectively whiles no

appreciable increases in lamina width and lengtrevedserved for 98% shade (Figures
5.3a and 5.3b). Survival in a shaded understoesyashds maximization of light capture
for photosynthesis (Middleton, 2001). Thereforefwsen weeks 4 and 16, increased
lamina width were obtained for 98% shade as congpare86% and 73% shade levels
(Figure 5.3a). Similarly, between weeks 4 anch8raased lamina length were obtained

for 98% shade as compared to 86% and 73% shads (E¥gure 5.3b).
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5.5.3 Petiole length

Shade significantly (P < 0.001) influenced petielegth at week 40 (Table 5.2). Hence,
higher illumination increased petiole length undew shade and decreased with
increased shade. Consequently, petiole length salb&ained were ranked as 43.6 cm >
38.8 cm > 20.4 cm for 73%, 86% and 98% shade laesisectively (Table 5.2). Petiole
extension is responsive to light conditions (Dob@95) and plastic responses in lengths
of petioles are important for the capture of lighta patchy environment (Hutchings and
de Kroon, 1994). Petiole elongation may shift sllaléaf blades into higher light zones.
However, this will not occur in shaded habitats mehsunflecks are strongly variable in
space and time and where there is hardly a vettgial gradient near the ground (Dong,

1995).

The pattern of petiole growth over 40 weeks in oese to shade is illustrated in figure
5.4. There was a gradual increase in petiole lefrgth week 4 — 40 for 73% and 95%
shade respectively. However, no appreciable inerea€98% shade from week 4 — 24
was observed after which a decline and sturdy drovas observed from week 28 — 40.
The decline could be attributed to the death amiacement of tillers with new but

shorter ones as means of surviving under low ilhation.

5.5.4 Number of tillers

Shade significantly (P < 0.001) influenced tillenguction amond . daniellii seedlings
(Table 5.2). The pattern of tiller production ovi) weeks is illustrated in Figure 5.5.
Tiller production gradually increased from week 416-for 73% and 95% shade levels

and no increase observed for 98% shade except ek ®8 and 36 (Figure 5.5).
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Herbage plants grown in areas with lower light lsvgave been reported to be smaller
and had fewer numbers of tillers compared with tslamder higher levels of radiation

(Neelet al, 2008).

At week 40, tiller number under 73%, 95%, 98% skagere 13 > 10 > 1 respectively
(Table 5.2). The development of more tillers un@dfo and 95% shade might be a
mechanism to increase the photosynthetic areaedfliags. Physiologically, light affects
metabolism through photosynthesis, growth and dgweéent (Daiet al, 2009).
Therefore, inability ofT. daniellii seedlings to produce more tillers under 98 % shade
could have contributed significantly to the poorvéal. This is because each new tiller
developed from the same rhizome possesses its @ah which produces more
photosynthate that is translocated into the undergt stem for storage and other
physiological activities. Therefore, the developtmand emergence of tillers could be a

major mechanism for survival df. daniellii seedlings.

5.6 Effects of spacing oi. daniellii growth

5.6.1 Survival

Spacing had no significant (P < 0.001) influencettm survival ofT. daniellii seedlings
at week 40. Survival response to spacing rangesdasst 48% and 52% (Table 5.3). This
could suggest that survival largely depended omleshather than spacing. Soils under
Leucaenaand Sennastands were generally more fertile th@arapa (Table 5.1).
However, no differences in survival recorded foagpg also shows that, the utilization
of nutrients for physiological activities to enharsurvival ofT. daniellii could be highly

influenced by shade.
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Table 5.3T. daniellii growth parameters in response to spacing at week 4

'Spacing (m x m)

Parameter DF F-values Pr-values VHD HD MD LD Mean
Survival (%) 3 2.09 0.130° 50.3" 50.7 48.04 52.1% 50.29
(9.89) (8.79) (6.67) (8.14) (1.67)
Lamina length (cm) 3 8.73  0.000% 23.2° 23.8° 22.5 24.3 23.45
(1.19) (1.61) (1.87) (0.98) (0.37)
Lamina width (cm) 3 10.46  0.000%** 15.5" 14.¢" 14.0° 15.4 14.97
(0.52) (1.06) (1.58) (0.77) (0.30)
Petiole length (cm) 3 7.33  0.001%* 37.1 33.4 32.8 33.7 34.25
(0.95) (3.38) (4.33) (1.38) (1.01)
Number of tillers 3 1.81 0.174% 8 92 g g 8
(1.84) (1.96) (1.79) (1.83) (0.39)

*** significant at 0.001probability level.* not significant at 0.05 probability level

"Different superscripted alphabets in a row indisatalues significantly differ at = 0.05 using Tukey's mean separation technique

Numbers in parenthesis represent the standardsefoneans
VHD-Very high density, HD-High density, MD-Mediunedsity, LD-Low density
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5.6.2 Lamina width and length

Spacing significantly (P < 0.001) influenced lamim@th and lamina length at week 40
(Table 5.3). There was a general increase in lamideh with MD spacing recording the
least values over the 40 weeks. At week 40 lamiittihe for various spacing were 15.5
cm for VHD = 15.4 cm for LD= 14.9 cm for HD > 14.0 cm for MD (Figure 5.6a and
Table 5.3). Lamina length also generally increaseer the 40 weeks with the highest
(24.3 cm) and lowest (22.5 cm) lamina lengths ole@ifor LD and MD respectively at

week 40 (Figure 5.6b and Table 5.3).

Spacing determines plant population per unit angavariation in population could affect
resource sharing and exploitation. Generally, lsavere large for LD seedlings due to
less competition for resources by the fewer pla@tsarly, MD resulted in the least leaf
(width-14.0 cm, length-22.5 cm) size. This suggekts extremes of spacing, that is
VHD and LD, could enhance the growthTafdaniellii better than intermediary spacing.
Therefore, the least lamina width and length ole@ifor medium density also suggest
that plant population at 1.0 m x 1.0 m could neitte so high stimulate competition nor

low enough enhance luxurious growth.

5.6.3 Petiole length

Spacing significantly (P < 0.001) influenced pedidength at week 40 (Table 5.3).
Petiole lengths were 37.1 cm for VHD > 33.7 cmlfbr= 33.4 cm for MD= 32.8 cm for

HD spacing. The trend in petiole growth over 40 kgeis presented in Figure 5.7.
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In linseed(Linum usitatissimur)y increased density (closer spacing) restrictedgtfowth

of individual plants, resulting in shorter stemshafewer smaller leaves (Leitch and Sahi,
1999). On the other hand, studies on peafitddhis hypogaed.) indicated that as plant
spacing increased, stem height generally decreéSednyerset al, 2005). With
reference toT. danielli, this study results indicated that closer spac({iiD)
significantly enhanced petiole elongation. Withsepb spacing, cumulative production of
tillers over time could further reduce the spadmggween individual petioles withif.
daniellii stands. For instance, a study of spacing effectssafflower Carthamus
tinctoriug) reported early development of a closed canopy anctoggly spaced stands
(Blackshaw, 1993). Under such conditions, a posstaimpetition for light could have

facilitated investment of resources into petioleglin over the 40 weeks.

5.6.4 Number of tillers

Spacing had no significant (P < 0.001) influencetiler production of T. daniellii
seedlings (Table 5.3). By inference, it could hie slaat no significant differences in tiller
production may be obtained amomgdaniellii seedlings with these spacing treatments.
Generally, soils unddreucaenaand Sennastands were fertile tha@arapa (Table 5.1).
Therefore, lack of differences in tillering amomge stands could imply that fertility may
not influence the number tillers produced Dy danielli. Hence, differences in light

conditions within the stands could be the majotdathat influences tillering.
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5.7 Conclusions

The study ascertained the effects of shade andngpas well as their interaction dn
daniellii growth with respect to survival, leaf parametdesmina length and lamina
width), petiole length and number of tillers ovérweeks. There were three shade levels
provided by Leucaena(73%), Senna (86%) and Carapa (98%) and four spacing
treatments which were Very high density (VHD), Hidénsity (HD), Medium density

(MD) and Low density (LD).

Shade significantly influenced survival, leaf sizpstiole length and number of tillers.
Recorded values for survival were 71% foeucaena> 60% for Senna> 20% for
Carapa Leaf sizes were also larger for 73% (width-1/h& éength-27.1 cm) than 86%
(width-15.9 cm, length-25.2 cm) and 98% (width-1&m, length-18.0 cm) shade levels.
Similarly, significantly longer petioles, 43.6 cmere obtained for 73% shade compared
to 38.8 cm for 86% and 20.4 cm for 98% shade leviélering decreased with increased
shade and were 13 for 73%, 10 for 86% and 1 for $8#de levels. Therefore, the
hypothesis that survival, lamina length, laminatiwjgetiole length and tiller production

were not dependent on shade were not accepted.

Results suggest that high shading resulting ierlaccumulation can be detrimental to the
establishment off. daniellii under tree stands and significantly reduce sukyvitiger
production and growth of planted seedlings regasité these treatment spacing. Though
shade seemed to be a dominant factor in the estatédint ofT. daniellii seedlings with
spacing influencing some growth parameters, thergxb which these factors affect the

successful cultivation of. daniellii could be influenced by the prevailing soil cormis.
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Spacing significantly influenced leaf sizes andigletlengths but had no significant
effect on survival and tiller production at week. 4@af sizes were (width-15.4 cm,
length-24.3 cm) for LD, (width-15.5 cm, length-23ct) for VHD, (width-14.9 cm,
length-23.8 cm) for HD and (width-14.0 cm, length® cm) for MD. Petiole lengths
were 37.1 cm for VHD > 33.7 cm for LB 33.4 cm for MD= 32.8 cm for HD spacing.
Therefore, the hypotheses that lamina length, lanwmdth, petiole length were not
dependent on spacing were not accepted. On theacpnthe hypotheses that percentage

survival and tiller production were not dependamspacing were accepted.

5.8 Recommendation

A major limitation to this experiment is that orilyree shade levels were used and were
not under controlled conditions since the study weasied out in an already established
tree stands. This makes it difficult to make a claat inference for wider application of
this study results with respect to the actual sHadel that could promote the optimum
growth of T. daniellii. Further studies is therefore recommended to Ibeedaout on
other shade levels under controlled conditionsetemine suitable shade level that could

promote the growth of. daniellii.
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Chapter 6
6.0 EARLY GROWTH RESPONSE OF THREE PROVENANCES OFT. danidlii

TO NPK FERTILIZATION UNDER Sennasiamea STAND
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Summary

This experiment was conducted at the FRNR resetanh (06° 41'N, 01° 37'W),
Kumasi, Ghana. The objectives were to determineeffect of provenances and NPK
fertilization on survival, lamina width and lengtbetiole length and diameter, and tiller
production ofT. daniellii over 24 weeks. A split plot in a completely randzed design
with three replications and two factors was usdte Tain-plot factor was provenance
(Western, Volta and Ashanti) and the sub-plot faetas fertilization (NPK 20:20:20
fertilization and a control). The study revealegngicant variations in provenances for
lamina length, lamina width, petiole length andiget diameter. Lamina length of
provenances were Western-23.7 envolta-21.1 cm > Ashanti-17.2 cm. Lamina width
were Western-14.3 crg Volta-12.9 cm > Ashanti-9.0 cm. Also, petiole lémgvere
Western-37.7 cre Volta-36.1 cm > Ashanti-24.8 cm. Petiole diametere Western-5.6
mm = Volta-5.4 mm > Ashanti-3.8 mm. However survivabatiler production did not
differ significantly among provenances at week ZXrtilization also significantly
enhanced the growth of lamina width, petiole dianand tiller production. At week 24,
lamina width were Fertilized-12.8 cm > Unfertilizéd.4 cm; petiole diameter were
Fertilized-5.17 mm > Unfertilized-4.64 mm; and dillnumbers were Fertilized-5 >
Unfertilized-4. However, fertilization had no si§nant effect on survival, lamina length
and petiole length of. daniellii provenances. The significantly higher lamina wjdth
lamina length, petiole length and diameter valuésaioed for Western and Volta
provenances suggests a greater potential for fasttly than the Ashanti provenance.
Fertilization responses could also suggest thativslr lamina length and petiole length

did not depend on nutrient supply.
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6.1 Introduction

The successful cultivation and managementTofdaniellii plantation requires the
development and supply of superior seedlings. Sadulings should be fast growing,
early maturing and fruiting, have higher thaumatomtent and easy to establish under
varied environmental conditions. The improvementqablity characters in cultivated
plants such ad. daniellii has great potential to alleviate problems causegdverty.
This can be achieved directly through enhanced uality and quantity and indirectly
through income stability that affect farmers’ s@@onomic status. Many aspects of plant
quality can be defined differently in terms of crepecies, geographical region, and

intended use of crop or crop product (Shu, 2004).

Currently, bulk supplies of fruits for export areaimy obtained from the Western and
Volta Regions though reports also indicate fhatlaniellii occur in the Ashanti, Eastern
and Brong Ahafo Regions of Ghana. This suggests Thadaniellii can grow under
different ecological factors. However, studies hal®wn that even subtle "micro-
environmental” differences as for example watghtliand temperature among maternal
plants can significantly affect offspring phenotyffechmid and Dolt, 1994). Hence,
understanding the geographical distribution of egiglally relevant genetic variation and
the environmental factors driving adaptive diveigewithin species will help to ensure

appropriate sourcing of material for planting (Q@ret al, 2007).

Therefore, integration of. daniellii into farming systems require the assessment of

growth performance to determine early maturing fotgn materials from various
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provenances. Plant growth can be enhanced byiZattin. Therefore, based on the need
to nurture seedlings through early period of degwelent and ensure vigour, the
application of fertilizers in dry form has beenasunended (Duryea and Landis, 1984).
Identification of quality germplasm is vital % daniellii cultivation if farmers are certain
about its success when planted. This study thexefompared the growth performance of
T. daniellii provenances from the Western, Ashanti and Volggores under the similar

environmental conditions.

The hypotheses of the study were that provenanees mot different and would respond
similarly to NPK fertilization. The study objectisewere to determine the effect of
fertilization onT. daniellii survival, lamina width, lamina length, petiole dgim, petiole

diameter and tiller production of the provenances.

6.2 Methodology

6.2.1 Site description

The research was conducted at the Faculty of Reslewdatural Resources research

farm, KNUST, Kumasi, Ghana. The site conditionsaseescribed in section 5.2.1.

6.2.3 Sources of plant materials

Uniform sized seedlings raised from rhizomes wesedufor this study. Rhizomes were
obtained fromT. daniellii stands in the Western, Volta and Ashanti Region2%01/10,
6/02/10 and 13/02/10 respectively. Figure 7.1 itates areas whefie daniellii rhizomes

were obtained. These were: Tano Nimre Forest Resdlear Damoakrom (N 05°32
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W 002°371) in Western region; Bobiri Forest Reserve, Kubgasé°® 411, W 1° 21)
in Ashanti region, and the Afadjato-Agumatso Cowston Range, Gbledi-Chebi (N
07°1.00', E 634.00") in Volta region. Tano Nimre Forest ReseB@biri Forest Reserve
and Gbledi-Chebi fall within Moist evergreen, Mois¢émi-deciduous and Dry semi-
deciduous vegetation/ecological zones of Ghanaeotsely (Danquahet al, 2011).
Obtained rhizomes were buried in the ground umaw nillers emerged. Tillers with fully
expanded leaves were detached plus about 3-incomle from main rhizomes. The
detached tillers were then nursed in poly bagedilith topsoil between 13 — "1 %f

February, 2010 and later field transplanted BrmBMay, 2010.

6.2.4 Experimental design

Plots were laid up within the alleys of three yeltt Senna siame#ress established in
2007. The alleys were spaced at 5 m apart and ithmwow. Average tree height was
10.5 m and diameter was 8.7 cm. The experimentalpse/as a split plot in a completely
randomized design (CRD) with three replicationse Tiain and subplot treatments were
provenance and fertilization respectively. The maots had dimensions of 10 m x 5 m
(50 nf) and were spaced 3 m apart. Subplots had dimensib8 m x 3 m (9 ) and
were spaced 2 m apart. Seedlings were plante@@dang of 1 m x 1 m giving a total of
32 plants/main plot (35,556 plants/ha) and 16 glanbplot (17,778 plants/ha). Main plot
treatments comprised seedling provenances from afgstolta and Ashanti Regions.
Subplot treatments comprised NPK (20:20:20) fediion and a control. Seedlings
received a total amount of 20 g/plant (711.12 kdfitramain plot and 355.56 kg/ha for

subplot).
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Sources of materials




Fertilization was done twice in a split applicatiby ring method. The first and second
applications were done on 18une, 2010 and 18September, 2010 respectively to

coincide with the major and minor rainy seasons.

6.2.5 Data collection

Data were collected on survival, lamina length,itearwidth, petiole diameter, number of
tillers and petiole length at four weeks intervieathe first fertilization for 24 weeks.
Survival was determined through head count of sagsllon each plot and subsequently
converted to percentage. Lamina length was meagumadtip to the base of the leaf and
lamina width was measured at the widest exteniaf. IPetiole length was measured
from the base of the petiole to the lower pulvinBstiole basal diameter was measured

with a caliper.

6.2.6 Data analysis

Analysis of variance (ANOVA) test of data and meawmparison was done using
Tukey's separation techniques with the aid of statl software, Statistix 8
(USDA/NACS, 2007).

Analysis of variance was based on a mixed — moelei

Yik = 1 +a; +px + Ui + B + (@B)ij + i Egn. 6.1

Where

Yik = estimated growth parameter

[ = general mean

o; = effect of the'l' level of provenance (main plot)
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p = effect of the K replicate

Uik = main plot random error

B; = effect of the'] level of fertilizer (subplot)

(aB); = interaction effect between provenance and ieetil

&jk = subplot random error

6.3 Results and Discussion

6.3.1 Survival

Survival did not differ significantly (P > 0.05) amgT. daniellii provenances at week 24
(Table 6.3). Survivals were Western-98.0%, Volta8%2 and Ashanti-87.5%. Similarly,
survival of Acacia nilotica(Raebild and Graudal, 2004) aRadlylepis australigRenison
et al, 2005) were not influenced by provenances. Orother handamongEucalyptus
marginataseedlings distributed in two provenances, significdifferences in survival

were reported (O'Brieet al, 2007).

Survival is regarded as a key variable when evalgairovenances since it indicates the
adaptability of the provenance to the environmértha trial site (Raebild and Graudal,
2004). The ability of provenances from Western ®otta to survive in Ashanti Region
suggests thatT. danielli could survive under varied environmental condgion
irrespective of the source of planting materialncgi seedlings were raised from
rhizomes, the presence of stored food (photosyehaithin rhizomes could have
provided energy requirements needed for physictdgactivities during early growth.
This could account for the lack of significant difénces in survival for three

provenances.
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Table 6.3 Effect of provenance on the growti oflaniellii provenance at week 24

"Provenances
Parameter F value Pr-value Volta Western Ashanti Mean
Survival (%) 2 3.23 0.146"™ 92.82 98.02 87.52 92.8
(4.13)
Lamina length (cm) 2 30.03  0.004* 21.° 23.7 17.2 20.6
(0.36) (0.34) (0.36) (0.85)
Lamina width (cm) 2 54 .45 0.001*** 12.9 14.3 9.0 12.1
(0.21) (0.22) (0.28) (0.52)
Petiole length (cm) 2 20.73  0.008** 36.7° 37.7 24.8 32.8
(0.53) (0.81) (0.85) (2.19)
Petiole diameter (mm) 2 17.42  0.011* 5.4 5.6" 3.8 4.9
(0.17) (0.12) (0.14) (0.34)
Number of tiller 2 0.73 0.538" 52 42 42 4
(0.10) (0.19) (0.15) (0.32)

** *** gignificant at 0.01 and 0.001 probability Vels respectively,’ not significant at 0.05 probability level
"Values in a row with different superscripted alpétatsignificantly differ at = 0.05
Parenthesized values represent standard errorsaisn
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6.3.2 Lamina length and width

Lamina length (P < 0.01) and lamina width (P < @)0@rowth differed significantly
among provenances at week 24 (Table 6.3). Growtterpa for both lamina length
(Figure 6.3 a) and lamina width (Figure 6.3 b) wemmilar. Gradual increases were
observed for Western and Volta provenances butppoeaiable increase was observed
for Ashanti provenance from week 4 — 24. At weekla@mina length of the provenances
were Western-23.7 cm Volta-21.1 cm > Ashanti-17.2 cm. Similarly, lamimadth of

the provenances were Western-14.3=Nolta-12.9 cm > Ashanti-9.0 cm (Table 6.3).

Leaf size determined by lamina length and widtHuerices important physiological
processes, including photosynthesis, transpiraiawh thermoregulation, and varies with
environmental factors (Yatest al, 2010). Significant differences in leaf size betw
provenances for field grown foliage dfuchsia excorticatahave been reported
(Sweetapple and Nugent, 1999). Additionally, theeze significant differences between
provenances in leaf length, leaf width and leaanélLeucochrysum albicansrhese
variations, in part were related to edaphic andnafic conditions of the source of
planting material (Gilfedder and Kirkpatrick, 1994Conversely, a study on two
provenances dfagusorientalisandFagus sylvaticaevealed significant differences for
leaf length and leaf area, but no significant dédfeces in leaf width (von Wuehlisch and
Gailing, 2004). AmongdSolidago altissimalants, there were no significant phenotypic

variations in leaf length and leaf width (Schmidid»olt, 1994).
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Based on results obtained in the present studgputd be inferred that the leaves of
seedlings from Western and Volta were larger thahahti. In a related study, significant
differences in mean leaf size Blicalyptusmicrothecaseedlings from six provenances
were reported. Seedlings from the semi-arid sitesthe smallest mean leaf sizes, while
those from seasonally dry sites had larger meah de&s (Tuomelaet al, 2000).
Generally, larger leaves posses large leaf areahwdould facilitate the capture of light
for photosynthesis under shade conditions for Wesénd Volta provenances dr.
daniellii. In line with this, greater biomass i@aves ofE. microthecapopulations was

attributed to higher total plant photosynthesis thugreater leaf area.

6.3.3 Petiole length and diameter

Petiole length differed significantly (P < 0.01) ang the provenances at week 24 (Table
6.3). Two provenances dfagus orientalis and Fagus sylvaticasimilarly revealed
significant differences in petiole length amongv@eances (von Wuehlisch and Gailing,
2004). A gradual increase in petiole length waseob=d for Volta and Western
provenances but no appreciable increase was rddbzeédshanti provenance from week
4 — 24 (Fig. 6.3a). At week 24, petiole lengthla# provenances were Western-37.7=em

Volta-36.1 cm > Ashanti-24.8 cm.

Similarly diameter (P = 0.01) growth differed sifygantly among the provenances at
week 24 (Table 6.3). No appreciable increase inolgetdiameter was obtained for
Ashanti provenance compared to Volta and Westeyngoances that recorded consistent

increase over the 24 weeks (Fig. 6.3b).
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Petiole diameter for the provenances were West&mn= Volta-5.4 mm > Ashanti-
3.8 mm at week 24. Petioles ®f daniellii serve as aboveground pseudo-stems that

support and position leaves for light interception.

Studies on stem diameters revealed significanterdiffces among provenances in
Pongamia pinnatdrom 10 agro-climatic zones (Ramesh, 2007). Suiyilaignificant (P
< 0.05) variations in diameter were observed antbggar oldAlbizia lebbekrees from
12 provenances (Tokgt al, 1996). In contrast, there were no significarftedences

between stem diameters Qtiercus robuiseedlings from two sources (Harmer, 2000).

Longer petiole lengths for Western and Volta prareres could indicate better growth
since longer petioles could place leaves in adgmaas positions for light interception.
Larger leaves allow the plants to gain height nrapdly and require longer petioles to
avoid self-shading. Also, increases in leaf size aften bound to enhanced biomass
investment in petiole (Niinemett al, 2007). From this study, lamina length and lamina
width (Section 6.3.2) of leaves of Western and &ghrovenances were larger than
Ashanti. Probably, larger leaves require strongetiofes for support. This possibly
explains why Western and Volta provenances hacigogtiole diameters than Ashanti

provenance.

6.3.4 Tiller

Provenance did not significantly (P < 0.05) inflaeniller production (Table 6.3) at week

24. Tiller number obtained for the provenances wé&ka-5, Ashanti-4 and Western-4.
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This could imply that under similar growth condi& T. daniellii from different
provenances may not significantly vary in theirlipto produce tillers. Also, it could be
an indication that other environmental factorsugfice tillering rather than the maternal

source ofT. daniellii seedlings.

6.4 Fertilization

6.4.1 Survival

Fertilization had no significant (P > 0.05) effect survival ofT. daniellii provenances at
week 24 (Table 6.4). Survival was 94.6% for fexgl and 91.0% for unfertilized
seedlings. This could imply that the initial suivof T. daniellii provenances may not
depend on fertilization but on food/nutrient ressrvwithin rhizomes attached to

seedlings at the time of transplant.

6.4.2 Lamina length and width

Fertilization had no significant (P > 0.05) effect lamina length of provenances at week
24. Lamina lengths were 21.2 cm for fertilized &@8 cm for unfertilized seedlings
(Table 6.4). Similarly, the results could suggésit tamina length growth of. daniellii

provenances may not be dependent on fertilization.

Conversely, NPK fertilization significantly (P < (0®&) influenced lamina width of
provenances at week 24. Lamina width of 12.8 cnl A4 tm were obtained for fertilized

and unfertilized seedlings respectively (Table .6@adual and continuous increases in
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lamina width were observed among both fertilized anfertilized seedlings from week 4
— 24. However, distinctive increases in lamina tidtere observed for fertilized than
unfertilized seedlings after week 12 (Fig. 6.6). dnsimilar study, NPK (19:19:19)
fertilization of Hippeastrum vittatunfor two seasons revealed a significant increment i
leaf length and width in both seasons. The rate gffertilizer per plant gave the highest
values of leaf length (40.36 and 40.35 cm) and w({@t83 and 2.87 cm) compared to the

untreated plants in both seasons respectively g€jgdr and El-Nasharty, 2009).

There were no differences in lamina length; howeliferences in lamina width could
cause variation in leaf sizes. Hence, fertilizedddags could have larger leaves than
unfertilized seedlings. This could increase phattisgtic leaf area of fertilized seedlings

and ensure fast growth than unfertilized seedlings.

6.4.3 Petiole length and diameter

Fertilization had no significant (P > 0.05) effect petiole length of provenances at week
24 (Table 6.4). Petiole lengths were 34.5 cm fotilized and 31.6 cm for unfertilized
seedlings. This indicates that petiole lengths aivenances were not enhanced by

fertilization at the rates applied.
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Table 6.4 Effect of fertilization on the growth @t daniellii provenances at week 24

Mean comparison

Parameter DF F value Pr-value Fertilized Unferidiz Mean
Survival (%) 1 1.61 0.252"° 94.6% 91.0% 92.8
(2.72) (3.72) (2.81)
Lamina length (cm) 1 3.11 0.199 21.2° 20.7 20.64
(0.39) (0.56) (0.64)
Lamina width (cm) 1 12.81 0.012** 12%8 11.4° 12.07
(0.23) (0.39) (0.39)
Petiole length (cm) 1 7.93 0.085 34.5° 31.1° 32.82
(1.17) (1.43) (1.64)
Petiole diameter (mm) 1 4.24 0.031* 5217 4.64° 4.9
(0.29) (0.07) (0.19)
Number of tiller 1 6.00 0.050* 5 4° 4
(0.14) (0.20) (0.27)

* ** significant at 0.05 and 0.01 probability lewetespectively* not significant at 0.05 probability level
Values in columns with different superscripted alpéts significantly differ at = 0.05
Parenthesised numbers represent standard errorsawts
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On the other hand, fertilization significantly (P0<05) influenced petiole diameter of
provenances at week 24 (Table 6.4). Petiole diametere 5.17 mm for fertilized and
4.64 mm for unfertilized seedlings. Pattern of gletidiameter growth over the 24 weeks
is illustrated in Figure 6.5. As leaves adapt tdight gradient inside a canopy, the
inclination angles, morphology, anatomy, size arassnof their petioles and laminas
could be modified. The results of this study sugdjest fertilization increased leaf size.
This would require the development of strongergbes that could hold up or positidn
daniellii leaves for light interception. Therefore, increhpetiole diameter in response to
fertilization could result from the need to holdder leaves that were produced under

favourable nutrient supplies.

6.4.4 Tiller

Tiller production was significantly (P = 0.05) inénced by fertilization after 24 weeks.
Tiller numbers were 5 for fertilized and 4 for urtfiized seedlings at week 24 (Table
6.4). Similarly, studies oikriophorum vaginatunand wheat reported that tillering was
significantly influenced by NPK fertilization (Shewand Chapin I1I, 1995; Rehmaat
al., 2010) Therefore, NPK fertilization enhanc@d daniellii growth through the
production of more tillers than unfertilized seadb. Pattern of tiller production showed
no variation in tiller production for both fertikd and unfertilized seedlings over the 24

weeks (Fig. 6.6).
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6.6 Conclusions

The research was conducted over 24 weeks to deterthie growth response 0Ot
daniellii provenances from Ashanti, Western and Volta regit;m NPK fertilization.
Growth parameters studied were survival, laminatlyithmina length, petiole length,

petiole diameter and number of tiller.

At week 24, there were significant differenceshiaT. danielliiprovenances with respect
to lamina width, lamina length, petiole length apdtiole diameter. Leaf sizes of
provenances were Western (length-23.7 cm, widtB-4n) = Volta (length-21.1 cm,
width-12.9 cm > Ashanti (length-17.2 cm, width-&fh). Larger leaf sizes required
longer and larger petioles for support. Rankingefiole sizes were similar to that for
leaf; and were in the order Western (length-37.7 dimmeter-5.6 mne Volta (length-
36.1 cm, diameter-5.4 mm > Ashanti (length-24.8 diameter-3.8 mm). The hypotheses
that lamina width, lamina length, petiole lengtld gretiole diameter ofrere not different

among ther. daniellii provenances were therefore rejected.

Survival and tiller production were however simifar the provenances. The hypotheses
that survival and tiller production were not difet among thd. daniellii provenances

were therefore accepted.

Over the 24 week study period, NPK (20:20:20) liggtion significantly influenced
provenances off. daniellii with respect to lamina width, petiole diameter ailgr

production compared to unfertilized seedlings. Agew 24, lamina width ranked as
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Fertilized-12.8 cm > Unfertilized-11.4 cm. The tdewas the same for petiole diameter:
Fertilized-5.17 mm > Unfertilized-4.64 mm; and afl numbers: Fertilized-5 >
Unfertilized-4. The hypotheses that survival, lamiangth and petiole length responded

similarly to fertilization were therefore accepted.

However, fertilization had no significant influenoa survival, lamina length and petiole
length. Therefore, the hypotheses that lamina wigkthiole diameter and tiller production

responded similarly to fertilization were rejected.

In conclusion, significantly higher lamina widthanhina length, petiole length and
diameter values obtained for Western and Volta @mances possibly suggest a greater
potential for fast growth than the Ashanti provesearFertilization responses could also

suggest that survival, lamina length and petiahgile did not depend on nutrient supply.

6.7 Recommendations

This study considered the growth performance of ¢éimtee provenances af. daniellii
and their response to only two levels of fertiliaat Considering the wide distribution
range ofT. daniellii in other parts of Ghana as well as West Africas itecommended
that the collection base of the provenances shbeldvidened in a further study to
determineT. daniellii plants with desirable growth characteristics. Widspect to
determining suitable fertilizer levels for optimwyrowth of T. daniellii, varied levels of

fertilization is recommended in future studies.
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Chapter 7

7.0 GENERAL CONCLUSIONS AND RECOMMENDATIONS

In line with the general goal of conducting reshatitat could facilitate the integration
and management of. daniellii in agroforestry systems as well as its commercial
cultivation through diverse studies, the followic@nclusions and recommendations were

made.

7.1 Study conclusions

Study one (chapter 3) revealed that fruits wered@manantly supplied from Benda,
Benda Nkwanta, Kokoase, Amoaku, Hiamatu, Samrehdi &ggreyso within Aowin-
Suaman and Wassa Amenfi West districts of the Westgion of Ghana. This study
further highlighted the potential and major roldégypd byT. daniellii in supplementing
household incomes in these communities who obtaiidd 3 — 15 per week. However,
there was no conservation, cultivation or integiratof T. danielliiinto farming systems
in all the communities previously or currently itved in fruits supply. The lack of
conservation, cultivation and continuous declin@atural stands could be an indication
of unsustainable future fruit supplies with contns dependence on collection from the
wild. Soil chemical (pH, N, P, K, Ca, Mg, TBS, ECEQrganic matter) and physical
properties (texture) of natural stands differedsigantly among sites except for Na and
bulk density. The soils of stands studied were igasiit loam or sandy loam with bulk
density values within the reported range for masissof 1.0 — 2.0 gc. Significant

variation in most selected soil chemical and phglgicoperties of natural stands predicts
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the adaptability and capability of growinig daniellii at different sites. This makes it

amenable to diverse soils.

Study two (chapter 4) revealed that foliage hanssgnificantly influenced number of
flowers and fruits supplied. No harvest stands pced significantly higher number of
flowers and fruits than all other harvest standsweler, total fruit weight was not
influenced by foliage harvest and ranged from 59127.9 kg/ha. Foliage harvesting
could therefore be said to cause a significant ¢cgolu in fruit number but may not
necessarily cause significant reduction in frubrbass. By the end of week 64, there
were no significant differences in specific leakarbetween treatments and ranged
between 143.9 crfg * and 148.9 cmg ™. Stimulatory growth response to foliage harvest
exhibited byT. daniellii cast a doubt about calls for its sole managenw@rirdits as no
significant differences in specific leaf area wlyend. For both fruit and leaf collection,
the highest total income over 64 weeks per heetaseGH ¢ 24411.36 for 50% followed
by GH ¢ 17480.40 for 75% and GH ¢ 15640.33 for 2##vest stands. The lowest total
income, GH ¢ 153.48, was obtained for the contua tb lack of supplementary income
from leaf harvesting. This suggests that, with appate management, daniellii stands

could be exploited for both foliage and fruits.

Study 3 (chapter 5) revealed that shade signifigainmfluenced survival, leaf sizes
(lamina length and width), petiole length and nundfdillers. Seedlings with 73% shade
significantly recorded the highest survival, weaegker and produced more tillers than

86% and 98% shade levels. Survival was 71% for &ena (73%) > 60% foBenna
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(86%) > 20% forCarapa(98%). Leaf sizes were 73% (width-17.6 cm, ler@gfht cm) >
86% (width-15.9 cm, length-25.2 cm) > 98% (width4.Tm, length-18.0 cm) shade
levels. Petiole lengths were 43.6 for 73%, 38.8fcnB6% and 20.4 cm for 98% shade
levels while tillering was 13 for 73% > 10 for 86%d for 98% shade levels.

Shade appears to be a dominant factor that affbetsgrowth of T. daniellii and
significantly influenced survival, lamina width,nna length and width, petiole length
and tiller production. Though, shade tolerant, tsisidy shows that higher light
availability could significantly enhance the growdhT. danielli. Furthermore, spacing
significantly influenced leaf sizes and petioleddrs but had no significant effect on
survival and tiller production at week 40. Leafeszwere (width-15.4 cm, length-24.3
cm) for low density, (width-15.5 cm, length-23.2 xfar very high density, (width-14.9
cm, length-23.8 cm) for high density and (widthd4m, length-22.5 cm) for medium
density. Petiole lengths were 37.1 cm for very higinsity > 33.7 cm for low density

33.4 cm for medium density32.8 cm for high density spacing.

Study 4 (chapter 6) revealed significant differengetheT. daniellii provenances with
respect to lamina width, lamina length, petiolegkbnand petiole diameter. Leaf sizes of
provenances were Western (length-23.7 cm, widtB-t4n) = Volta (length-21.1 cm,
width-12.9 cm > Ashanti (length-17.2 cm, width-21®). Ranking of petiole sizes were
similar to that for leaf; and were Western (len8th7 cm, diameter-5.6 mm Volta
(length-36.1 cm, diameter-5.4 mm > Ashanti (lenggh8 cm, diameter-3.8 mm).
However, survival and tiller production were simil@r the provenances. Significant

differences in provenances from Ashanti, Westert ¥olta potentially shows a wide
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variability in growth characteristics af. daniellii populations. In the quest to develop
superior propagules for large scale planting, shisly has shown that Western and Volta
provenances are better candidates compared t&shanti provenance.

Also, NPK (20:20:20) fertilization significantly fluenced provenances df. daniellii
with respect to lamina width, petiole diameter ailieér production than unfertilized
seedlings. Lamina width were Fertilized-12.8 cm nfdstilized-11.4 cm. Similarly,
petiole diameter was ranked: Fertilized-5.17 mm nfddilized-4.64 mm; and tiller
numbers were Fertilized-5 > Unfertilized-4. Howevésrtilization had no significant
influence on survival, lamina length and petioleg#h. In conclusion, significantly
higher lamina width, lamina length, petiole lengthd diameter values obtained for
Western and Volta provenances possibly suggeseateagr potential for fast growth than
the Ashanti provenance. Fertilization responseddcalso suggest that survival, lamina

length and petiole length did not depend on nutsepply.

7.2 Study recommendations

(i) Itis recommended that further studies be carrigdon other sites supporting the
growth of T. daniellii to assist in obtaining comprehensive informationsite

specific conditions that support optimum growth &midt yields of T. daniellii.

(i)  Currently, information on other foliage harvestdiv and their effects ofl.

daniellii growth and fruit yield are unavailable. Furtheudsés is therefore

required using different harvesting levels at ddfg sites to determine
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(iii)

(iv)

v)

(vi)

sustainable foliage harvest levels with minimumeet$ on growth and fruit

production ofT. daniellii.

The study on income projections of foliage andtfharvest are based on the
assumption of a ready market for harvested produttsloes not take into
consideration losses incurred through rejectiorotien fruit by buyers, drying of
foliage as well as transportation and other coBf®se, among other economic
factors, when duly considered in a study can hslhedain the actual potential

incomes that could be obtained from the harvests daniellii fruits and leaves.

With respect to shading effects on the growthloflaniellii, three shade levels
were used under uncontrolled conditions since thdyswas carried out in an
already established tree stands. Further studiéiserefore recommended to be
carried out on other shade levels under contraf@utlitions including no shade
to determine effects that could promote the optingwowth and production of.

daniellii.

Considering the wide distribution range ©f daniellii plants in Ghana, it is
recommended that the collection base of the praoweesashould be widened in a

further study to determink. daniellii plants with desirable growth characteristics.

With respect to determining adequate fertilizerelsevfor optimum growth of.
daniellii, varied levels of fertilization is recommended future studies. Such

studies should focus on plant nutrient demandslation to soil nutrient levels.
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(vii)

These studies demonstrates the adaptability arabday of growingT. daniellii

at different sites and therefore recommend itsgnatigon into agroforestry
systems under low shade and managed sustainablyotbr foliage and fruits
through 50% harvesting of foliage. Also, the Wastand Volta provenances
showed superior growth characteristics and aremewended for integration into

agroforestry systems compared to the Ashanti praves
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APPENDICE 1

c d

Plates (a) Participants involved in a focus groiggussion with researcher; (b) Soll
sampling by researcher within a natural stand.afaniellii; (c) Fruit collectors at the
receiving station at Samartex; (d) Fruit collectesin natural stands
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APPENDIX 2

C d

Plates (a) Natural stand ®f daniellii on a fallow land plu\lchornea spp(b) Farmer
indicating cleared stands of naturally occurringlanielliion cocoa farm; (c) Remaining
biomass (leaf and petiole) of clear€ddaniellii stand in a cocoa farm; (d) Regenerating
stands off. danielliifew weeks after clearance
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APPENDIX 3

C d

Seedlings off. daniellii growing under (ajCarapa procerawith litter accumulation (b)
Pest attacked leaf und€arapa (d) Leucaena leucocephala) Sena siamea
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